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A course of work in Physical Science is now generally 
regarded as a valuable element in school education. But in 
order that the special training which such study is calculated 
to afford may be acquired, , it is necessary that the method 
employed should be Jatgely ‘experimental, taboratany work 
is essential. Each: ‘pupil’s eyes and hands should be% actively 
engaged in observi ring, and in making. experiments; and his 
mind in thinking: over what he has himself seen and done. 
The exercises set him should, be regarded as problems which 
he is to solve with so much ‘guidanee~and help as is necessary 
—and no more. That is the first essential. é 

But as much of the work of a beginner is unavoidably 
imperfect, and certain fundamental experiments arg for hia 
impracticable, it is necessary to give precision ard consplete- 
ness to his efforts by discussion and comparison of class 
results, by explanations and demonstrations, by examplts 
drawn from outside experiences which cannot be introduced 
into a laboratory, and to some extent by descriptions of 
experiments that are beyond the scope of school practice. 

On these principles this book is based. It consists mainly 
of instructions for exercises intended to be performed by 
the pupils themselves, additional exercises of a confirmative 
character being also provided for the use of pupils who work 
faster than their fellows. : 

The exercises are both qualitative and quantitative. In thre 
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judgment of the author it is not wise to make the laboratory 
work wholly quantitative. Experience indicates that where 
this if done there is a distinct danger of the pupil becoming 
SO e ein in the details of the measurements that he fails 
to rdalize their purport as a whole, and the principle that lies 
behind them. He cannot see the wood for the trees. In some 
sections, therefore, qualitative exercises are freely introduced. 
These deal with principles which should be thoroughly 
realized. 

But the book is not limited to laboratory instructions. 
Necessary descriptions, definitions, and explanations, experi- 
ments suitable for class demonstrations. and sections dealing 
with genera) phenomena whose action depends on the prin- 
ciples arrived at in the laboratory have been included. 

In carrying out the individual practical work it is assumed 
that each pupil will keep a notebook in which the apparatus 
» is sketched, the operations and observations recorded, and the 

° results stated in the pupil’s own words without reference to 
the book. In quantitative work inaccurate measurements 
should be rejected, and results insisted on that are within 
réasonabbe limits of experimental error. The results obtained 
by aeclass should be compared, and questions, suggestions, 
eand difficulties discussed in lessons devoted to such reviews. 

: Graphic methods are freely used. In all such work very 
atcurate drawing should be insisted on. Where observations 
are set out in a graph it is also necessary that the graph 
should not be employed to smother the errors of a bad set of | 
measurements. 

A large number of illustrations have been introduced with 
the purpose of affording help in the selection and setting up 
of apparatus, to enable the descriptions of apparatus to be 
readily followed,.and to guide the operations. Much of the 
— may be devised from simple materials; the par- 
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ticular form illustrated will afford an indication of thi object 
to be accomplished.' 

To meet the conditions of varying schemes of stu lly the » 
work is also issued in its several sections, namely :— 1 


ELEMENTARY PuysicAL Science (Mensuration and Properties 
of Liquids and Gases). 


MECHANICS. 

Hear. 

SounD AND LIGHT. 
MAGNETISM AND ELECTRICITY. 


An edition in two volumes is also available, namely:— 


Volume I.—Mensvuration. Properties oF Ligvips 4yD Gases, 
MeEcHANIcs, AND Hear. e 
Volume IJ].—Sounp, Lieut, Magnetism, AND ELEcTRICITY. 


CHARLES H. DRAPER. 
June, 1912. e 


1 The thanks of the author and publishers are tendered to Messrs. P. Harris & Co., 
Messrs. J. J. Griffin & Sons, Mr. G. Cussons, and Messrs. F. E. Becker & Co. for the 
loan of blocks and permission to copy illustrations from their catalogues, These 
illustrations are the copyright of the firms named. The following are theillwstrations 
referred to:—From Messrs. P. Harris & Co., figs. 9, 15, 17, 18, 22, 30, 53, 59, 68, 75s 
81, 85, 109, 126, 133, 145, 173, 198, 202, 206, 215, 217, 221, 229, 237, 258, 268, 273, 397, 
358, 360, 362, 367, 369, 370, 373, 374, 376, 396, 403, 405, 411, 413, 414, 418, 423. From 
Messrs. J. J. Griffin & Sons, figs. 29, 89, 104, 122, 124, 145, 147, 167, 178, 187, 204, 28, 


236, 249, 287, 335, 342, 343, 353, 419, 430. From Mr. G. Cussons, figs. 31, 137, 166, 
179, 182, 183. From Messrs. F. E. Becker & Co., figs. 50, 180, 406. 
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PART I.—MENSURATION 


CHAPTER I 
Length 


1. THE METRE SCALE.— Examine a metre or half-metre 
scale, a portion of which is shown full size in the upper part of 
fig. 2. 

Centimetre.—Each of the divisions marked 1, 2, 3, &., is a 
centimetre. In scientific laboratory work lengths are expressed in 
centimetres (written cm.). 

Millimetre.—Each of the very small divisions is a millimetre 


(written mm.). Count the number in a centimetre. r 
Decimetre.—A decimetre (written dm.) contains 10 cm. How 
many millimetres? © 


A metre (written m.) contains 10 dm. How many ee 
How many millimetres? 
A kilometre (written Km.) contains 1000 m. x 


Ex. 1.—Write out a complete table of lengths thus :— 


10 mm. = 1 cm. im, = dm. 
10 cm. 
&e. &e. 


As the multiple is in each case 10, lengths are converted from 
one of these units to another by adding or taking away ciphers, 
or by moving the decimal point, thus: 127°6 cm. = 1276 mm. 
= 12°76 dm. = 1:276 m. 

Scales suitable for many measurements may consist simply of 
strips of squared paper (fig. 12). 

Ex, 2.—(1) Express in centimetres the following lengths:—24 mm,; 56 mm,: 

(© 405) : 1 1 
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38 mm.; 73 mm.; 1 dm. 7 cm.; 6 dm. 3 em.; 5 dm. 9cm.; 2 dm. 5 cm. 3 mm.; 
7 dm. 2 cm. 8 mm. ; 
(2)‘Express in metres 40 dm.; 40 cm.; 40 mm.; 567 cm.; 1295 mm. 
(3) On plain paper, using the rule as a straight-edge, draw lines of the follow- 
ing lengths:—4 cm.; 7 cm.; 53 mm.; 25 mm.; 6 cm.2mm.; 3 cm. 8 mm.; 
5-9 cm.; 8'2cm.; 4°4em.; ‘*8dm.; 115 dm.: 89 dm.; 06 dm. 


c 

2. THE FOOT RULE.—Examine a foot rule, a portion of 
which is shown full size in the lower part of fig. 2. 

.Inch.—Each of the divisions marked 1, 2, 3, &c., is an inch 

(written in.) Each inch is divided into ten parts. These have 
no separate name. They are simply called tenth-inches (;'5 in.). 

Foot.—Twelve inches make one foot (written ft.). Longer 
measurements are usually expressed in feet; shorter ones in inches; 
yery short ones in tenth-inches. 

A yard (written yd.) is 3 ft. 

A mile is 1760 yd. 


Ex. §.—(1) Write out a table of lengths in English units. 

€2) On plain paper, using the rule as a straight-edge, draw lines of the follow- 
ing lengths:—2 in.; 3°6 in.; 1°7 in.; 4°8 in. 

(3) How many feet are there in 94 in.? 25 in.? 76 in.? 1000 in.? 15 yd.? 27 yd.? 


3. HOW TO MEASURE: WITH: A RULE OR SCALE— 
“PARALLAX.—Measurements are useless unleSs made accurately. 
Every instrument requires to be used in a proper way. 


€ 
Ex, 4.—Make two dots a few centimetres apart on a sheet of paper, and 
place the scale flat on the paper in line with the dots, as shown in fig. 1. Look 
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Fig. 1.—Effect of Parallax 


at the dots and the scale at the same time. Move your head from side to side, 
What do the dots appear to do? In which direction do they appear to move as 

you move your head? 
Hold your head immediately over the scale, and look at the scale and the 
. dots with one eye only—first with the right, and then with the left. Do they 
appear to occupy different positions when thus viewed! 
‘ This effect is called parallax. If you look through a window 


e . 
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at a window bar and a tree outside, the tree appears to move to 
the right or left of the window bar as the head is moved to the 
right or left. 

As you run along a road, objects close to your side seem to 
move in a direction opposite to yourself, while those farther off 
seem to move in the same direction as yourself. + 

Errors due to parallax are liable to be made in every department 
of Physics, and must be carefully avoided. In Exercise 4, the space 
between the dots and the graduation marks on the scale causes the 
difficulty. The scale must therefore be placed, as shown in fig. 2, 
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Fig. 2.—How to Use a Measuring Scale 
e« @ 
with the graduation marks close up to the points between which the , 
distance is required. 
Scales made of thin steel offer much less risk of such an error 
being made. Sometimes scales made of glass are used. Such stales 
are placed on the surface with the graduated face downwards, and 


thus there is no liability to error from parallax. aes 


Ex. 5.—Draw a long straight line on paper, and at intervals aloag tye line 
make several small dots, marking them A, B, C, D, &c. e 
Place a measuring scale along the line and measure the lengths AB, BO, &c.; 


successively, and record them thus:— 
° 


Length. 
eee Th cm, In in, 
Line AB _... at 3°7 
ieee *' Z oF 2°9 


and so on 


Sum of all the lengths 


Add up the numbers in the columns. Measure the total length with the scale, 
Does the result quite agree with the sum of the parts? Why not? 
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The error is in some degree due to the fact that the dots did 
not fall exactly opposite to the division marks on the scale. 


4. ESTIMATION OF SHORT DISTANCES BY THE EYE. 


Ex. 6.—On the edge of a narrow strip of paper mark off the centimetres 
(centimetres only) from your scale. On another sheet of paper rule a long straight 
line, put several dots on the line, and mark them A, B, C, D, &c., as before. 

(1) Placing one of the graduation marks on A, measure the distance AB with 
the paper scale. Then B does not come on one of these marks. Now estimate 
(guess as accurately as you can) on which millimetre mark the dot B would fall 
if the millimetres had been marked on the paper scale. 

Measure the remaining distances BC, &c., in the same way. 

(2) Measure the distances AB, BC, &c., with the correct millimetre scale. 
Place the results in a table, thus :— 


Estimated True 


Be Line. Length. Lengtia. Error 
AB 32 cm 3°3 cm —1 mm 
& BC 4 8 39 7 6 ” +2 9 
e CD ; 
ghey Ss" te | 
Totals... we ot | 
6 = ae Piha a 


Ex. 7.—Repeat the previous exercise, using a scale marked in inches and 

© tenth-inches, estimating the short distances that are over in hundredths of an 

7 inch. Thus AB = 1:26 in., &c. Make a table as before, and see how much 
errog has been made in the total length. 


5. RULES TO BE OBSERVED IN MEASURING.—Exer- 
*cises 4 to7 have shown that much care is necessary to avoid 
errag's in measurements. If the same measurement is made several 
time$ tlfe results obtained are generally not quite the same. Thus 
three persons measure the length of a room; their answers are 
475 em.; 472 cm.; 474 cm. What is the true length of the room? 
‘We do not know. But the most correct result will probably 
be got by adding up the three answers and dividing by three. 
This is called taking the mean, or as it is sometimes called the 
average. The length of the room is probably very nearly 473-7 em. 

In all measurements— 

(i) Avoid error of parallax. 

(ii) Count first the large divisions, feet or metres, and write the 
result down; next the smaller divisions, inches or centimetres, and 
write them down; and so on, recording the smallest divisions last. 

(iii) Repeat every measurement and write each result down, 
taking the mean as the, true measurement. 

° 
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Before taking the mean, examine the numbers; if one or more 
of them differ very much from the rest, reject these as wrong and 
take another measurement. 


6. MEASUREMENT OF LONGER DISTANCES. — Qhe 
measurement of longer distances and of 
lines that are not straight is conveniently 
done by the use of a measuring tape, such 
as is shown in fig. 3; or in outdoor work 
by a chain whose links are all of the same 
length. It is not ordinarily necessary to 
make such measurements with minute ac- 
curacy, and therefore the smaller subdivi- 
sions marked on the laboratory scales are 
not marked on chains or tapes. 

Such lengths may be measured approxi- 
mately with lengths of string, which are 
afterwards compared with the scales. 


Fig. 3.—A Tape Measure 


Ex. 8.—By means of tape, chain, or string, measure such distances as thee 
length of a table, a room, a wall, a corridor, a courtyard. 


7- USE OF DIVIDERS.—Sometimes it is impossible to use 
a scale to measure the distance between two points, if, for exampée, 
the two points are inside a small cupboard or box, or have some 
obstacle between them. In some 
of these cases the measurement can 
be made by employing a pair of 
compasses or dividers. 


Ex. 9.—Find the distance between 
two points on paper. between which there 
lies a pencil or stone or other obstacle, or 
between two dots on the inside of the lid 
of a tin. Open the legs of the dividers 
until the points are about the required 

distance apart. Place one leg on one dot, 
and adjust the other leg until both are 
exactly on the dots, as shown in fig. 4. 

Remove the dividers, place the ends of 

the legs on a millimetre scale, and read off 
_ the distance. Fig. 4.—Dividers 

Make several measurements of this 
character, such as the inside of a small box, the distance between two points on 
the figure on a coin, the wards of a key, &c. : 
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8. CURVED LINES.—Curved lines may be measured in various 


ways— 


(i) By a thread. 


Ex. 10.—Draw a curved line on your paper, and measure its length by 


means of a piece of 
thread. 

Either one end of the 
thread or a knot in it 
may be placed at one end 
of the curved line. Then 


\_f z the thread is lightly 
) 'B C placed along the curved 
D F: 


A line in short steps in the 

E manner indicated in fig. 

3 5. It may be cut off at 
Fig. 5.—Measurement of a Curved Line by a Thread the end of the curve, or 


if it is a white thread 


a small%ink mark may be made on the thread at that point. 
“Place the thread on the scale, and read off the length between the points 


marked on it. 


Repeat the exercise with more difficult curves. 


*(ii) By an opisometer. The opisometer is a wheel, generally 
* made of metal, that has for axle a screw passing through its 


Fig. 6.—An Opis- 
ometer 


centre (fig. 6). The axle is mounted on a frame- 
work provided with a handle, and at the end of 
one of the axle bearings is a sharp point. The 
wheel is generally provided with small teeth to 
prevent slipping as it rolls along a surface. 


Ex. 11.—Turn the wheel of the opisometer back on its 
axle as far as it will go towards the end where the point is. 
Then the wheel is at its zero or starting-point. 

Place the sharp point just opposite one end of the curved 
line, and carefully run the opisometer wheel along the line. 
When you get to the end make a fine ink mark on the 
bottom of the opisometer wheel. Put the opisometer wheel 
on a millimetre scale with the ink mark at the starting- 
point of the scale, and run the opisometer wheel along the 
scale back to its zero. The position of the sharp point on 
the scale then gives the length of the line. (Rub off the ink 
mark.) 

In the absence of a mounted wheel such as described, a 
disk of cardboard with divisions marked on its circumference 
may be used. In preparing such a disk it is best to make 
the diameter of the disk 31°8 mm.; then if the circumference 


eof the disk be divided into 10 equal parts each of these divisions is centimetre 


*(Art. 15). 
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(iii) By dividers. 

Ex. 12.—Open the dividers a short distance. Place one leg on one end of 
the curved line. Then by turning the dividers over step along the line. Count 
the number of steps. Measure with a scale the piece that remains “over’’ at the 
last step. 

Place the dividers on a millimetre scale, and take the same number ofesteps 
as before along the scale. Record the length. Add on the length that remained 
over—the result is approximately the length of the curved line. 

Why should the “steps” be short? 


Repeat the measurement with shorter steps. ? 

Which is the more accurate result? 

Ex. 13.—Measure the length of a curved line by all the methods. Make 
each measurement twice and take the mean of each pair. 


Do the results agree? If they differ much the work has been inaccurately 
done and should be repeated. 


9. DIAMETERS OF CIRCLES. 


Ex. 14,.—Describe some circles on paper and measure their diameters. As 
there are no two definite points to measure between, one end of the scale must 
be slightly shifted about until the longest length is obtained. Estimate the 
fractions of scale divisions carefully. For each circle measure several diameters 
and take the mean. 


1o. SOLID OB- 
JECTS.—The diameter 
of a disk or cylinder 
may be measured by a 
scale, as in the previous 
exercise, but it is better 
to place the disk be- 
tween two squared 
blocks. 


Ex. 15.—Place the disk - 
or cylinder flat on a table Fig. 7.—Measurement of the Diameter of a Disk 
between two set squares, 
one of the edges of each of which is 
placed along the scale in the manner 
shown in fig. 7. Then the diameter is 
read off on the scale. 


Ex. 16.—Measure the diameter of 
a sphere or similar body, such 1s a flask. 
The same method may be used if the 
set squares be replaced by solid blocks 
which are higher than the radius of the 


sphere. Fig. 8 shows the arrangement, Fig. 8.—Measurement of the Diameter of 
Repeat the measurement with the a Sphere ’ 
oe 
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blocks turned the other way up, but making the same faces of the blocks touch 
the sphere, and take the mean of the values. Why is it necessary to do this? 


Ex. 17.—By the same method, using blocks, measure the following :— 

(1) The height of a retort stand. The base of the stand is placed flat against 
-one block and the top of the rod is against the other block, so that the base is 
vertical and the rod horizontal. The scale is placed on the table. Repeat, as 
before, with the blocks turned the other way up, and take the mean. 

(2) The height of a pyramid and a cone. This means the vertical height as 
they stand on the table. Place the solid with its base vertical and flat against 
one lock; then bring up the other block against the vertex. 


11. CALLIPERS.—A convenient way of measuring the lengths 
of small objects, and the diameters of small disks and tubes, is by 
means of callipers, which consist of two curved pieces of metal 
hinged like a pair of scissors, as shown in fig. 9. 


Ex. 18.—(1) Measure the lengths of 
small cylinders, the diameters of coins and 
cylinders, and of glass tubes or metal pipes 
by means of callipers. Place the object 
between the curved jaws and close them. 
Pass the object once or twice through the 
jaws to see that they touch both sides of 
the object. Place the jaws of the callipers on 
a millimetre scale and read off the distance. 

(2) Measure the internal diameters of 
glass tubes, iron pipes, cylindrical tins, the 
holes in retort stand fittings, &., using the 
other end of the callipers, shown in fig. 9. 

Insert the jaws in the hole and open 
them until the points touch bothsides. Draw 
them out carefully, and measure thedistance 
between the points on a scale as before. 

e Fig. 9.—Callipers (3) Measure the thickness of the glass - 
in glass tubes by obtaining the external 614 

diameter and internal diameter as above described, and taking the 

difference. 


Is this difference the thickness of the wall of the tube? What 9 Hiudh 
remains to be done? ~ Sennen 


12, THE CONE GAUGE. 


Ex. 19.—(1) From a piece of Squared paper cut off a strip 
which is ten times as long as it is broad. The strip may be any 
length (20 em. is convenient), and may be cut from paper divided 9 Hits 
into either millimetre or tenth-inch Squares, Gum the strip on to 
stiff paper, and cut it across diagonally so as to make two triangles 
like that shown in fig. 10, which is half of a strip 100 mm. long and 10 
10 mm. broad. Number the scale divisions as in fig. 10. The thin 


end of the wedge is the zero or starting-point, ‘bee 
> 
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Such a thin wedge is called a cone gauge. They may be obtained made of thin 
metal. 

(2) Referring to fig. 10, or your own gauge, find the width of the strip at the 
points marked 10, 9, 8, 7, &e. 

What is the width of the gauge at these distances from the point, 84 cm.? 
67 cm.? 3°8 cm.? 

What is the relation between the width of the gauge at any point and the 
distance of that point from the zero end? 


Ex. 20.—Measure the internal diameters of glass tubes, pencil cases, smal! 
iron pipes, &c., by the cone gauge. Push the gauge gently into the tube st 
that it is flat, and straight across the tube. Then, if it enters for a distance of 
5°7 cm., the diameter of the tube is 5°7 mm. Measure in this way the internal 
diameters of several tubes and the widths of cracks between blocks or between 
boxes placed close together on the table. 


13. CIRCUMFERENCES. 


Ex. 21.—Describe some circles on paper and measure their circumferences 
by the three methods described in Art. 8. It will be noticed that if the circles 
are small the operation is neither 
easy nor accurate. The accurate 
method is to measure the dia- 
meter and then calculate the cir- 
cumference (Art. 15), 


Ex. 22.—Measure the cir- 
cumference of a thin disk such 
as a coin. Against a squared ge 
block of wood place a scale flat 
on the table. Place the disk 
with its edge on the scale and 
its face flat against the block, 
as shown in fig. 11. 
With the finger make the 
coin revolve exactly once along 
the scale and read off the dis- 
tance. If necessary, make an Fig. 11.—Measurement of the Circumference of a Disk 
ink mark on the coin to ensure 
that an exact revolution is made. For a small coin make two revolutions. With 
care the coin will not slip, and an accurate result may be obtained. 


Ex. 23.—(1) Measure the circumference of a cylinder. Wrap a strip of 
paper round the cylinder until it overlaps, and prick through the paper with a 
pin on the overlapping part. Measure with a scale the distance between the two 

‘pin holes. Or a flexible scale, such as a strip of millimetre paper, may be wrapped 
round; but no instrument in systematic use should have marks made on it which 
cannot be removed. 

(2) Measure the circumference of spheres and flasks in the same way. 


14. RATIO: GRAPHS.—Many experiments in Physical science 


have for their object the determination of the relation between two 
e 


10 MENSURATION 


quantities, or, as it is often called, the ratio between them. This 
process is often much helped by setting out the observations on 
squared paper (fig. 12), i.e. making a graph. The next four exer- 
cises will illustrate these matters. 

Ratio of centimetre and inch. 


Ex. 24.—(1) Take a foot scale and measure on it several lengths with the 
centimetre scale as accurately as possible. Record thus:— 


Length in inches... Sis 
Length in centimetres 


As indicated above, add up the inches and the centimetres; divide the sum of 
the latter by the sum of the former to three decimal places. How many centi- 
metres ere there in one inch? . 

e(2) Take a sheet of ruled foolscap or exercise paper. Measure various dis- 
tances marked out by the lines with the foot scale and the centimetre scale. Choose 
long distances several spaces apart for greater accuracy. It is better to employ 
dividers and a diagonal scale (Art. 16), but failing these estimate the fractions of 
a scale division carefully. 

Make six or eight measurements and record as above. Add, and find as 
before how many centimetres make one inch. 
Compare with the previous answer. The correct value is 2°54. 


€x. 25.—From all the above observations make a graph. 

Take a sheet of squared paper. Along the base line ox (fig. 12) let the centi- 
metres represent inches, and starting from the origin 0, number them 1, 2, 3, &e. 
Along the v@rtical line oy take centimetres to represent centimetres, and number 
themgsinilarly. 

To obtain the point B. It was found that 2 in. = 5°08 cm. Along the inch 
line (the base line ox) find the point marked 2; run the eye up the vertical (the 
centimetre line) that passes through this 2, for a distance 5°08 cm. That is 

*the point B. Place a small dot there and mark it B. 

Every pair of measurements is treated in the same way. Thus 4 in. = 10°16 
em. Reference to the graph shows the point D to be on the line marked 4 at the 
base, at a distance 10°16 above the base line. 

The point &, corresponding to 5 in., and its value in centimetres is the last 
that can be shown on this page. 

From every pair of your measurements obtain thus a point on the paper. 

Place a straight-edge along the line of points. 

Are they exactly in a straight line? 

Probably not. In this case the divergence from a straight line marks the 
extent of the errors made. 

Draw from 0 a thin straight line that passes fairly through the dots, leaving 


some on one side and some on the other. Such a line is a graph. Each dot repre- 
* sents a measurement, 
. 


This graph may 
now be used to ob- 
tain an answer to 
such a question as 
this :— 

How many cen- 
timetres are there 
in 2°7 in.? Look 
gone the base (the 
Inch) line Ox until 
‘the distance 2°7 is 
reached, marked F 
in fig. 12. Run the 
eye up that line 
until the graph line 
is reached. How 
far up? 6°85 cm. 
Then 2°7 in. = 6°85 
em. 

How many inches 
are there in 11°6 
em.? Run the eye 
up the centimetre 
line oY until the dis- 
tance 11°6 cm. from 
Oo is reached, then 
along that line until 
the graph line is 
reached. The point 
G required is 4°57 in. 
divisions from the 
line oy; thus 11°6 
em. = 4°57 in. 


Ex. 26.—By means 
of the graph in fig. 12, 
find out how many inches 
there are in 6 cm.; 2°9 
em.; 9°5 cm.; 12°3 cm.; 
and how many centi- 
metres there are in 1°5 
m,; 27 in.; 83 im; 
4°6 in, 
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Fig. 12.—Graph showing the Relation between Centimetres 
and Inches 
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15, RATIO OF CIRCUMFERENCE AND DIAMETER OF 
A CIRCLE. 
Ex. 27.—Find the values of the circumference and diameter of a number 


of circles (on paper); and of cylinders and disks; or, take those measured in 
previous exercises. Record them thus:— 
e 


; : Circumference 
Circumference, Diameter. divided by Diameter. 


e Ist Circle »... 19°8 cm. 6°3 cm. sie 
2nd Circle... ee as | or + 
* 


The numbers in the last column show the ratio between the circumferences 
and diameters. Are they nearly the same? 

If one differs much from the rest, repeat the measurements for that circle. 

Continue to test them until they are as correct as you can make them. 

Then take the mean of all the values of this ratio. This number is called 
m (pi). e 

. a7 = 3'1416. 

Ex. 28.—On millimetre squared paper make a graph showing the relation 
between the diameter and the circumferences. Thus if the diameter and cir- 
cumference of the first circle are 4 cm. and 12°53 cm. respectively, the point on 
the graph will be 4 cm. from the left, and 12°53 cm. from the bottom. 

e Similarly for the other pairs of measurements. 
The graph must be drawn fairly through the points. 


Atowing for inaccuracies of measurements, this graph also is a 
straight line. Graphs are not always straight lines. When the 
graph comes out to be a straight line, one of the quantities is 
alwayg, as ir? these two examples, a simple multiple of the other. 
The twe quantities are then said to be proportional to one another, 
Sr to be in a simple ratio to one another. The circumferences of 
circles are in the ratio of their diameters. 


Ex. 29.—Use the graph made in Exercise 28 to find out the circumferences 
of circles of known diameters, and the diameters of circles of known circum- 
ferences. 

Ex. 30.—Taking 7 = 3°14, calculate— 

(1) The circumference of circles whose diameters are respectively 4 cm.; 6 in.; 
4m.; 54 yd. 

(2) The diameters of circles whose circumferences are respectively 20 cm.; 
2 ft.; 3°2 m.; 1 mile. 

EX. 31.—Miscettanrous EXAMPLES :— 

(1) Three persons measure the length of a street. Their results are: 157 yd. 
1 ft.; 156 yd. 2 ft.; 158 yd. What is the probable length of the street? 

(2) Measure the length of one of the leaves of a book. How far would all the 


leaves stretch if they were placed on end? 
. 
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(3) Measure the lengths of two pieces of pencil or other smal! objects and find 
out their difference, and how many times one is contained in the other. 

(4) On millimetre paper take a length 1 dm. to represent 1 mile. Mark off 
the distances that represent } mile; 88 yd.; 200 yd. 

(5) Draw a triangle and measure the lengths of its sides. Is the sum of the 
lengths of two sides greater than the third! Repeat the measurements for several 
triangles. bs 

(6) Draw a line whose length = 3-2 + 0°4 + 1°7 in., and measure it in mm. 

(7) Caleulate the ratio between a mile and a kilometre. 

(8) How would you measure correctly the height of a flask? - 

(9) Describe how by means of a bicycle the distance between two towns could 

ascertained (opisometer). 

(10) If the large wheel of a locomotive is 1:75 m. in diameter, how many times 
would it revolve in travelling 200 Km.? 

(11) Using the scale given on the map of a country and a pair of dividers, find 
the length of the coast line of the country, and of its principal rivers. 

(12) Measure the curved distance between two marks on a flask or beaker, 

(13) Measure the length of the curved back of a chair, or the distance between 
two marks round the curved corner of a table. 

(14) Put a number of shot in a row beside a scale, and find the mea diameter 
in that way. - 


The remainder of the exercises in this chapter are of a less ele- 
mentary character, and involve the use of more accurate instruments. 


16. THE DIAGONAL SCALE.—More exact measurements® 
_ of length may be made by the use of a diagonal scale, such as is 
‘shown in fig. 13. . 


Me Ex. 32.—(1) On Boo SS00R855 75 550nR ne: 
ns cased, im. in 22 SUSRSRERES” RRR Ree 
Seam CIM POC re 
Bee convenient size)draw “ITT TTT IIIT ire tt Lin 
a BSS ana 


' 53S Ree SRR BRRe 
in fig. 13, so as to divide Mi 2RSSEBGCRS ..saeReaas 
Tansy. ee aloes 211 SRGSEER5 
into twenty wedges, each 1 a Bey 
_ ten times as long as the 
width of its base. Num- 987654321 
_ ber the division lines as Fig. 13.—The Diagonal Scale 
shown in fig. 13. Then 
on the principle ex- 
plained in Exercise 19 the distance aB = ‘91 in.; cp = ‘84 in.; EF = 1°67 in, 
Fat (2) On your scale find lengths of 1°54; *38; 2°72, &c., units, 
AS (3) Make a number of dots on a piece of paper; measure the distance between 
_ them with dividers, as in Exercise 9; transfer the dividers to the diagonal scale, 
and read off the length. One leg of the dividers must be placed on one of the 
- principal vertical division marks of the scale (Ac, Gx in fig. 18), and on one of the 
long lines (cp, EF in fig. 13). The other leg must come exactly on one of the 
points where the diagonal crosses these length lines (B, D, F in fig. 13). The 
correct length line to be used must be found by trial, 
* 


9 
8 
7 
diagonal lines, as shown ZI! 1 
4 
3 
2 
| 
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If paper divided into millimetre squares be used, lengths may be measured 
correct to 745 mm. or zy Cm. 
(4) Repeat Exercise 9, using a diagonal scale. 


17. THE VERNIER. 
Ex. 33.—(1) Cut out two strips of cardboard aB and cp (fig. 14). 


Fig. 14.—The Verriter 


On AB mark divisions 0, 1, 2, &c., exactly 1 cm. 
apart up to about 15 cm. Cut off cp exactly 9 cm. 
long, and by a scale or millimetre paper divide it 
accurately into 10 equal parts, each 9 mm. long. 
Number the division marks 0, 1,... to 10. : 

Place the two strips side by side as in fig. 14. ® 
is called the scale and cp the vernier. 

Place the two zeros in a line. Which division 
on the vernier coincides with a division on the scale? 

Slide cp along aB so that the vernier 0 coincides 
with scale division 1. What other division lines now 
coincide ? ‘ 

Slide cp a little further so that its zero is halfway 
between scale divisions 1 and 2. Which vernier mark 
now coincides with a scale mark? 

Slide cp 3 mm. further along (measure the 3 mm.). 
Which divisions now coincide? This position is illus- 
trated in fig. 14; the length EF is 1°8 cm. 

(2) Move the vernier cp along the scale AB so as 
to make EF these lengths: 2°3 cm.; 2°9 cm.; 3°] cm.; 
3°6 cm. 

(3) Make two dots on a piece of paper. Place the 
scale so that one dot is at F and the other along the 
edge FE; place the vernier in position so that its zer 
line CE runs into the second dot. What is the dis- 
tance between the dots? Verify by a scale. 

Make several measurements of this kind. 


Ex. 34,—In the same manner as the distance 
FE above was measured, by means of your vernier 
measure the lengths of small objects, such as small 
cylinders, pencils, pieces of glass tube, blocks of 
wood. 

Tf exact coincidence in the marks is not obtained, 
take the mean between the two nearest. This gives 
a further decimal point in the answer, e.g. a distance 
may be 3°65 cm. 


The same principle may be applied to 
any unit of length. Verniers are often put 
on instruments, such as callipers and barom- 
eters, to enable readings to be taken more 
accurately. 

e 
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18. THE SLIDE CALLIPERS (fig. 15) is an instrument 
arranged on the principle of fig. 7—a scale having two straight jaws 
attached to it, the inner edges of the jaws being exactly at right 
angles (Art. 22) to the scale. One jaw is fixed and the other slides 


Fig. 15.—Slide Callipers 


along the scale. The sliding jaw often has 
a vernier attached to it, or marked on it. 

The object of which a dimension is 
» to be measured is placed between the 
jaws and the length read off on the scale. = 


Ex. 35.—By means of the slide callipers find the lengths of objects, the - 
meters of disks, spheres, tubes, and wires. 


19. THE SCREW GAUGE.—The dimensions of small objects, 
such as the thickness of disks and the diameters of wires, may be 
accurately measured by instruments that contain a screw. 


Ex. 36.—Examine a screw, such as one of the large brass 

serews that are used for the terminals of electrical instruments 

a . 16). Note the thread of the screw, and the thread inside 
the nut B through which the screw works. 

Measure accurately the length (J mm.) of the screw, and 

count the number (n) of turns of the thread in that distance. 


Calculate / = p mm. the pitch of the screw, i.e. the distance 
n 


between two successive turns of the thread. 

Note that when the head c is turned through one revolution 
the screw advances by a distance p. 

Turn the screw home firmly against its nut, and rule a line 
along the head and nut as shown in fig. 16. Call this the zero 
line. 
_ Turn c away from 8B and place a knitting needle or a pencil 
‘in the gap so that the object is just gripped. Estimate the Fig. 16.—Screw 
* fraction of a complete revolution between the two parts of the 

zero line. Remove the object and turn the screw home. Thus, suppose the value 

of p is 1°17 mm., and the gap between the jaws was such that it required 2°3 

turns to close it, then the thickness of the plate is 2°3 x 117 = 27 mm, 
The arithmetic is simpler if the pitch of the screw is exactly 1 mm, 


A screw gauge is shown in fig. 17, where A is the screw, B the 


# 


—- * 


* 
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nut, and c the head. The head is a hollow cylinder whith is 


attached to the hidden end of the screw and works up*and down 
outside the nut. The nut is con- 
nected by a curved piece of metal D 
to a jaw E, to and from which the 
screw moves. The object of which 
a dimension is to be measured 1s 


placed between E and A. _ 
. Fig. 17.—The Screw Gauge A scale is engraved on the 4 


the distance between the divi s 


being the same as the pitch of the screw, OF in some cases double 
that distance. The circumference of the head is divided generally 


intu 50 equal parts. 


Ex. 37.—Examine the screw gauge. Never turn the screw up tightly. 
Into how many divisions is the head graduated? — 

One complete turn of the head advances or withdraws the screw by p mm. 
Find f, as in Exercise 36. 

® Turning the head through 


screw by y mm. Find y- 
By how much is the width of the gap altered when the head is turned through 


e3eomplete turns + 22 head divisions? by 2 complete turns — 6 head divisions? 
Turn the we home. Is the head at zero? If not, allow for this zero erro! 
ements. 


one of its divisions advances or withdraws the 


e@ in making meas 
Ex. 38.—Measure the diameters of small spheres, of coins, of thick wires, anc 
then of thin wires by the gauge or the simple screw. 


90. THE SPHEROMETER.—The spherometer (fig. 18) is 1k 
the screw gauge in principle although di 
ferent in form. The screw works throug 
the centre of a three-legged table. Th 
mode of graduation is the same as that « 
the screw gauge. 

Ex. 39,—Put the spherometer on a sheet | 
plate glass. Turn down the screw till the instr 
ment rocks and the feet rattle. By trial adjust # 
screw so that it just touches the glass without a 
rattle when the instrument is touched. Then exami 
the zeros of the scales, and note the error if @ 
age Turn the milled head back through ” compl 

Fig. 18—The Spherometer revolutions, and see how far (7 mm.) it travels up 
vertical scale. Hence calculate the pitch of the 

Find the quantity y of Exercise 37. 7. , ee my 

Ex. 40,—(1) Place » thin slab of glass, such as & micro cover glass, on- 
large glass plate and under the screw. Adjust as before and take the 

7 


ANGLE | 17 


- Rephat the whole operation, and take the mean of the readings. Hence find the 
_ thickness of the glass. The following are a set of three readings ;— 
Zero readings: — ‘0075; — °00625; — 00875. Mean, — ‘0075, 
Readings with glass inserted: ‘24; “245; ‘2475. Mean, ‘2442, 
Thickness of glass = *2442 + 0075 = ‘252 mm. 


(2) Find the radius of curvature of a lens. ° 
_ Find the zero reading on plane glass 
as before. c 
Place the spherometer on the lens and pe 
just the screw till all four legs touch 
ens. How much has the screw been 
(7 mm.)? Take the mean of three 
readings. 
: Then, im fig. 19, if acB represents a 
central section of the portion of the lens 
_ dealt with, AcBF represents a section of the 
sphere of which the lens is a detached part. 
-©@D is the distance x above. bB is the 
radius of the circle whose circumference 
_ passes through the bottom of the three e 
legs of the spherometer, and whose centre 
is the bottom of the screw. Measure DB P 
F 
tely on the spherometer. . : ° 
Then, by geometry, CD x DF = DB*. pie. ‘Si = om oe — 
This equation gives the value of DF, Fes — op 
whence obtain CF and CE. 
Example: « = CD = 1511 mm. Mean distance between the bottom of see 
Screw and the legs on a plane surface = DB = 2°3 cm. 


- .. L511 X DF = .(23)", .°, DF = 350 mm. 
and the radius required = 17°5 cm. 


i> Bd 


CHAPTER I 
Angle 


» VERTICAL AND HORIZONTAL. 


“a 41,—(1) Tie a piece of metal to one end of a thin string, and holding 

" the other end of the string suspend the mass in the air, Such an arrangement is 

called a plumb bob. The direction in which the string hangs is said to be 

vertical. 

wee e are many edges of objects in the room which are nearly vertical. Test 

verticality of these lines by holding the suspended plumb bob exactly between 

lem and the eye, using only one eye. If any line thus tested appear to coincide 
with the string throughout its ele length that line is vertical. 

(0 406) 2 
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(2) Place a vessel of water on the table, preferably 
a flat shallow vessel. The surface of the water is exactly 
horizontal. 

Support the plumb bob on a stand with the bob just 
below the surface of the water. Blacken the water with 
a little ink. From various positions examine the string 
and its reflection in the water. One line appears to be 
the exact prolongation of the other. This is an exact 
test for verticality and horizontality. 

(3) Replace the vessel of water by a mirror. If the 
string and its reflection do not appear to be exactly 
the same straight line the mirror is not horizontal, 


A straight line drawn to a surface in any 
Fig. 20.—Vertical and direction other than perpendicular to it is said 
Horizontal to be oblique to that surface. 


———— 


22. RIGHT ANGLE.—An angle is a corner. If you are travel- 
ling along a line, and turn out of that line into another line, that is, 
tin a corner, you have turned through an angle. 

Think of the plumb bob hanging in water, and imagine a straight 
line drawn along the surface of the water through the thread, then 


thé angle between the line of the plumb bob and the line on the 
‘ ___ water surface is called a right 


angle, and the two lines are 
said to be at right angles tc 
each other. 

There are probably mam 
pairs of lines in the room a 
right angles to each other 
Probably the corners of th 
window panes and of the room itself are right angles. 

In Exercise 15, fig. 7, set squares were used. They were use 
because it was desired to obtain two lines each at right angles t 
the scale. Why was it necessary to do that? 

In fig. 21 is shown a T-square, which is used in drawing ' 
obtain lines at right angles to each other. 

Builders use a similar “ square "s 


Ex. 42.—By means of such squares— 

(1) Test the right angles on common objects. 

(2) Draw an accurate right angle; an angle greater than a right angle, wh 
is called an obtuse angle; and an angle less than a right angle, which is called 
acute angle. 

Note that the length of the lines has nothing to do with the size of 
angle. 


$< 


e fig. 21.—Use of a “‘ Square © 
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23. DIVISION OF A RIGHT ANGLE. 


Ex. 43.—Draw a large circle on a sheet of paper which is not too thick to 
allow lines to be seen through the paper. 

_ Fold the paper over so that one half of the circumference of the circle exactly 
covers the other when the paper is held up to the light. Mark the diameter tgus 
obtained. Fold the paper again so that the two halves of this diameter exactly 

cover each other; this gives a second diameter exactly at right angles to the first. 
Mark them both carefully. The circle is now divided into four equal parts each 
¢alled a quadrant. . 
_ By trial with dividers (Art. 7) divide each quarter circumference into three 
parts corresponding to the hours on a clock face, and draw diameters from 
of the points thus obtained. You have now got 12 equal angles at the centre 

of the circle. 


Protractor.—Fig. 22 shows a semicircle in which the process of 
division has been carried further than you can accurately carry it. 
Such an instrument is 


2» yr . << a GMI ia nity Wy 
a? protractor, and me Con ae lia ° 
is used for measuring i See 1 et . 


angles. In fig. 22 lines 
are shown drawn from 
the centre, dividing 
each right angle into 
9 equal parts; and 
round the circumfer- 
ence ten short lines | 
are drawn between Fig. 22.—The Protractor 
each of the divisions % 
thus obtained. If each of these short lines were prolonged to tlt 
centre of the circle, each right angle would be divided into 90 very 
small angles. Each of these very small angles is called a degree. 
The lines last mentioned are not drawn in the figure, because they 
would all blur into one another at the centre. 
_ A degree is the ,',th part of a right angle, and is marked (Ch 
This small angle of 1° is the unit angle. All other angles are 
measured by saying how many degrees they contain. How many 
degrees are there in each of the angles drawn in Exercise 43? 
* Ex. 44,—Continue the subdivision of your circle until it marks angles of 
LO degrees (10°) or 5 degrees (5°). 
_ Ex. 45.—(1) By means of a protractor draw lines including angles of 50°; 
10°; 70°; 45°, and (by estimation if necessary) 22°; 84°; 68°, 

(2) Draw a large triangle. Measure the three angles as accurately as you 


an, and add up the number of degrees. Repeat with another large triangle of 
lifferent shape. What is the sum of the three angles of a triangle? 
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(3) By means of a protractor measu ne 
ment with protractor verify the following propositions i 


(4) By measure 


geometry :— 


*of 10° or. better, of 5° Cut it out 


(a) Alternate angles are equal. 


(b) Any two angles of a triangl 
e of every triangle is opposite to the greater angle. 


e  (c) The greater sid 


24. THE SEXTAN <— 
Ex, 46.—(1) On a piece of sti 


Fig. 23.—An Elementary Sextant 


Move nearer to the window and 
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re the angles of your set squares. 


e are less than two right angles. 


ff cardboard graduate a semicircle in divisio1 
a little larger than the semicircle, as in fig. 2 


Cut out two narrow strips of cardboa 
for movable arms. By means of a pin, 
one end of each arm at the centre of 
semicircle, and let the other end mo 
round the graduations. 

Hold the instrument with the cent 
against the eye, and place the arms so tk 
one points to one side of a window & 
the other to the other side of the wi 
dow. Read the angle between the art 
The breadth of the window is said 
subtend that angle at the eye. 
measure the angle again. 


* Move further away and measure the angle again. 
(2) Measure the angle subtended at the eye by various objects. 


The apparent size of objects as seen by us is estimated accordi 


t® the angle they subtend at 


the eye. The instrument used for t 


purpose is called a sextant; that shown in fig. 23 is a primitive fo 


of sextant. ~ 


e 
© 25: SIMILAR FIGURES. 
Ex. 47.—(1) Draw any two straight lines AB, AC (fig. 24), making with ¢ 


C 


A DEF CGH B 
Fig. 24.—Similar Triangles 


line: this gives one point on th 


other any angle BAC. 

In the line aB take several points D, 
&c., and through these points draw lines, | 
&c., parallel to each other, cutting Ac in 
points K, L, &c. It is better to draw a : 
figure. 

Measure accurately the lengths ap, At 
&c., and the lines DK, EL, FM, &c., and 
them in tabular form. 

(2) Make a graph showing the relati 
tween these two sets of lengths. Using 
paper, set off the distance ap along 
line, and the distance DK along the 


e graph. 


Next set off the distance ar along the base line, and the distance EL 
vertical line: this gives the next point on the graph. 
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_ Proceed thus for each pair of lines. When several points have been obtained 
on the graph, draw a line through the points. 


Ex, 48.—Draw two straight lines a, ac at right angles to each other, and 
with A as centre describe several quarter circles, as in fig. 25. 

_ Measure the radius ap and the quarter circumference DK. Similarly with Ak 
and EL, and the other pairs. From the two sets make a graph as in the last exgr- 


cise, measuring the radii along the base line, and the quarter circumferences along 
the vertical line. Compare the two graphs. 


In fig. 24 all the triangles ADK, AEL, Xc., are similar figures. 
“#Since the graph drawn above comes 
a straight line, we see that in pairs of 
similar triangles the lengths of corres- 
ponding sides are proportional:* AD 
bears the same ratio to DK that AF 
does to FM. 

The same remark applies to the 
quarter circles in fig. 25. The portion 
of the circumference FM bears the same 
ratio to DK as the radius AF bears to 
the radius AD. Hence the circumfer- 4 DEFG 6 
ences of circles are proportional to their Fig. 25.—Similar Figures 
radii. 

These two examples show that in similar figures corresponding 
lengths are proportional. > 


26. TANGENT AND SINE OF AN ANGLE.» 
Ex. 49.—(1) Draw a right-angled triangle ace (fig. 26). T®ink of the 
angle B. Then A i * 


the ratio ~ is called the tangent of the angle B; 


Cc 


x 


a 
< 


the ratio ~~ is called the sine of the angle B. 


: Measure the lengths of the sides, and measure the 
angle B in degrees, and find the above ratios. Record 


ya 10 
- ° . a a ee OT. 
; — of 30° (written tan 30°) 7-38 77 i B 
Sine of 30° (written sin 30°) = = — ws Fig. 26 


(2) By this means find the values of the sines and tangents of angles of 
the following sizes: 30°; 60°; 45°. Draw first the line oB; then OA at right 
angles to cp; then make the angle at B the required size; then produce BA to 
meet CA. 
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Fig. 27.--The Tangentometer 
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Fig. 27 shows an apparatus by which the tangent and sine 
any angle can be obtained. Compare it with fig. 26. At the poi 
corresponding to C there is a slider which moves along the horizon 
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arm CB. The arm AC must be kept vertical, and is provided with a 
plumb bob. The arm AB is hinged at B, the centre of a semicircular 
protractor. 
An apparatus to answer this purpose can be readily made, and 
the sines and tangents of angles read off on the scales. 


+ 

Ex. 50.—Estimation of Angles.—Draw as nearly as you can, without the 

use of instruments, an angle of 45°. Measure it with a protractor, and find the 
error. Repeat successively with angles of 30°; 60°; 20°; 70°; 10°; 80°. 


CHAPTER III 
Mass: The Balance 


27. The mass of a body is the quantity of stuff or material that 
there is in it. 


Ex. 51.—Cut out two pieces of muslin, or similar thin material, of the same 
size. In each piece tie up an equal number (100 or 200) of lead shot of the same- 
Size. You thus have two equal masses of matter. We will call them a and B, 


Lal al al al sl ol 7] af of sol sf salsa 14 15] lx tl 15] 20] 2 2] alo 
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Fig. 28.—An Elementary Balance 


Support a metre or half-metre scale at its middle point on one of the edges of 
@ wedge, as in fig. 28. This edge is called a knife-edge. 

Adjust the scale so that it rests horizontal, by placing, if necessary, a loop of 
string or wire on the end that rises. Under each end of the scale place a block of 
_wood so that the ends cannot descend far, and thus upset the apparatus. 

; Such an apparatus is called a balance. It is a lever with equal arms 
‘Art 139). This lever is called the beam of the balance. 

By means of threads suspend the equal masses A and B on the scale in such 
positions that they balance, and the scale remains horizontal. 

Let the positions of A and B be nearly at the ends of the scale. Read carefully 
the distances of the threads from the point of suspension of the scale, 

Move a two or three centimetres nearer to the middle of the scale, adjust the 
position of B until balance is obtained, and read the distances as before. Do this 
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for several positions of A and B, but do not go too near to the centre. as mistakes 
are then more likely to be made. 

When the set of observations is concluded, exchange the positions of 4 and B. 
and repeat the whole of the operations. Record thus:— 


Distances from the A Sum of 

Knife-edge. First Set. Second Set. Dictenmea: | 
Mass A ... Wie pea, ECR pe hye fee See | 
Mass B .. ares Py ey hear ten, | 


Examine the two rows of figures. R 

Allowing for the errors in the experiments, what relation does there appear to 
be between the distances of A and B from the centre? 

In the right-hand column add up all the distances obtained for a, and all the 
distances for B, and write them one under the other. This process (see Exercise 6) 
eliminates some of the errors. 

The sum of the distances of A is seen to be equal to that of B. When the 
balance*is accurately made, and the whole experiment carefully conducted, each 
patr of distances is the same. 


Now we know that the mass of A is equal to the mass of B. 
Hence this experiment shows that two equal masses suspended 
from the two equal arms of a balance leave the balance undisturbed, - 
or, as it is called, in equilibrium. 

This is the test for determining whether two masses are equal. 
It«s all the same whether the two masses are of the same kind of 
stuff or of different kinds. If B were a lump of brass, or wood, or 
cotton, or any material whatever, we say that the mass of material 
in B is thé*same as the mass in A when the two masses balance each 
othee in the manner described above. 

A balance, then, compares masses; it enables us to obtain one 
mass equal to another mass. 

Every mass of matter that we deal with is heavy. It is pulled 
downwards by the earth; and when the masses on the two equal 
arms of a balance are pulled downward equally, so that the balance 
is in equilibrium, we say that the masses are equal. | 

This process is called weighing, and generally the masses sus- 
pended from one of the arms are called weights. 

The matter is explained further in Chapter XI. 


28. UNIT OF MASS.—Just as to measure lengths some length 
had to he chosen as a unit, and other lengths compared with this 
unit; and to measure angles, a unit angle was chosen; so to measure 
mass some quantity of matter has to be taken and called the unit 
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_ of mass, and any other mass is measured by determining how many 
of these units it will balance. 


Different countries have chosen different units. In England the 


unit of mass in common use is the pound (written lb.). In France, 


and in scientific work generally, the unit of mass is the gramme 


- (written grm.). Pieces of metal that represent these units are kept 
in London and in Paris, and other pounds and grammes are made 


by balancing them against those standard masses in the manner 


described above. 


These units of mass are subdivided into smaller parts, just as 
the centimetre is divided into millimetres. A set of such masses 
is usually called a set of weights. 

Examine a set of weights, such as those shown in fig. 29. 


Fig. 29.—A Set of Gramme Weights 


The smallest shown in that figure is a gramme. All ordinary 
e 


_ laboratory weights are expressed in grammes. 


The largest shown is 500 grm. 
A set of weights up to 100 grm. generally includes weights of 


100 grm.; 50 grm.; 20 grm.; 10 grm.; 10 grm.; 5 grnf; 2 grm.; 


From these all the weights up to 200 grm. can be made. 
Thus 189 grm. is made up of 100, 50, 20, 10, 5, 2, 2. 
If there is only one 10-grm. and one 2-grm. weight, a larger 


" weight must be used, and the excess counterbalanced by a small 


Ps 
+ 


s 


weight on the other arm of the balance. 
_ Fractions of a gramme are usually reckoned in milligrams (mg.). 


1 mg. = yooo grm. 


Fig. 30 shows a set of milligram weights by which any fraction 
of a gramme can be made up. 

The English pound is divided into 16 equal parts, each called 
an ounce (0z.). These weights are not often used in a science 
laboratory. 
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Ex. 52.—Using only the sets shown in figs. 29 and 30, which weights would 


a an yy za you use for— 


UL 


(a) 16 grm.? 27 grm.? 34 


500 200 iD grm.? 48 grm.? 71 
FS call ©: aes 
> : x 
Do Dll EN hd gt? oe eee? 
Fig. 30.—A Set of Milligram Weights (c) 18°75 grm.? 44°03 grm.? 
79°79 grm.? 


a is 58.—Suspend by thin threads equal “weights” from the (equal) arms 
of the balance, thus— 


(i) 20 grm. on each side; 


(ii) 2 grm. on each side; 
(iii) 50 on one side, and 20 + 20 + 10 on the other side. 


Do you obtain equilibrium in each of these cases? 
Any failure in exact equilibrium is probably due +o faults in the balance. 


929. THE PHYSICAL BALANCE.—Balances are made in 
various forms. 

Most of the weighings re- 
quired in elementary work may 
be made by a balance set up as 
shown in fig. 31, which is the 
same in principle as the simple 
lever of fig. 28, except that the 
beam is more carefully mounted. 

But to obtain accurate re- 
sults with small masses, it is 
necessary to use a balance such 
as that shown in fig. 32. Such 
instruments are usually made 
of brass. The beam rests ex- 
actly at its middle point on a 
sharp knife-edge, and at each 
end of the beam a pan hangs, 
also suspended from a knife- 
edge. These knife-edges are 
hard and sharp, being usually 

; made of steel or agate, and their 
Fig. 31.—A More Accurate Balance distances are accurately adjusted. 

The central wedge on which 

the beam turns has the knife-edge turned downwards, and rests on 
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the top of a tall central column. Arrangements are made by which, 
when the balance is not in use, this knife-edge is lifted off the 
surface, on which, when in use, it rests. The handle shown at 
the bottom of the instrument effects this. When that handle is 
turned towards the right the beam is resting on the central knjfe- 
edge, and the balance can be used. With the handle in the posi- 
tion shown in fig. 32 the beam is not resting on the knife-edge, 


and does not move if weights are placed in the pans. 
* 


Fig. 32.—A Physical Laboratory Balance 


The beam carries from its centre a long pointer, seen in front of 
the instrument. The end of the pointer moves over a scale, and by 
watching this pointer on the scale the least movement of the beam 
is seen. 

Such an instrument is delicate, and is soon spoiled by rough or 
_ Improper usage. 


Rules for the Use of a Physical Balance. — 


1. The instrument must not be jerked, nor the pans swung to 
and fro, nor dislodged from their knife-edges. 

2. The pans must be kept clean and dry. 

3. The beam should be kept on its knife-edge only while weigh- 
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ing is actually proceeding. Turn the handle gently, and 
stop if both pans do not rise. 

4, Put the weights in the right-hand pan, and the mass to be 
weighed in the left. Before adding or subtracting weights, 
lower the pans to their resting-places. Put the larger 
weights in the middle of the pan. 

5. Move the weights with forceps, not with the fingers. Do not 
put them down anywhere except in their box or in the pans. 

* 6. Never put on the balance a heavier mass than that for which 
it was made. [The maker always states this mass. | 

Ex. 54,.—(1) Weigh in grammes and milligrams the packets of lead shot 

previously used, and some common articles, such as a glass stopper, a piece of 
metal, a roll of paper, a block of wood. 

(2) Weigh a bottle or beaker empty. Pour in water up to a mark and weigh 


again. Hence find the weight of the water. [Carefully dry the outside of the 
beaker so as not to wet the balance.] 


i eee | ¥ 
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Fig. 33.—The 
Spring Balance 


(3) Cut off and measure the length of a piece of wire; weigh 
it. Weigh also an unknown length of the wire. From these 
quantities calculate the length of the second piece of wire. 

(4) Compare the two systems of weights by weighing some 
English weights in grammes. 

By the method of Exercise 24, find the number of grammes 
in a pound. 

Ex. 55.—Weigh a body by the method of substitution. 

Place the body in the right-hand pan. Put a sheet of paper 
over the left-hand pan. On this sheet put shot or sand or any 
suitable masses until balance is nearly obtained. Exact balance 
may be got by adding small pieces of paper. In this operation 
the body is said to be counterpoised. 

When exact balance is obtained remove the body, and place 
weights (grammes and milligrams) in the right-hand pan until 
balance is again obtained. Then these weights give the correct 
mass of the body. 

This method should be employed with balances which are 


not accurately made, because it prevents errors due to inequality 
in the arms. 


30. THE SPRING BALANCE.—For many 
purposes where great accuracy is not required a 
spring balance (fig. 33) is useful. This is a steel 
spring enclosed in a case. When masses are hung 

on the spring it extends, and moves a little index 
over a scale marked on the case. 


Ex. 56,—(1) On a spring balance hang known weights 


and observe the position of the index for each weight, thus 
verifying the scale, 
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(2) By means of the spring balance weigh objects that can be suspended 


from it, and compare the results with those obtained by an ordinary balance. 
oe 
CHAPTER IV 
Area : 


31. Area is extent of surface. 


Ex. 57.—(1) On plain paper draw a thin straight line, and on it mark two 
small dots A and B 1 cm. apart. At A and B, by means of a square (Art. 22), set 
up perpendiculars to AB. On these perpendiculars measure distances AD and BC, 
each lcm. long. Join cb. 

The figure aBcD is a square centimetre. 


(2) Draw a square inch in the same way. 
. 


For small areas these are the units of area, and other surfaces 
are measured by saying how many of these units they contain. 

Fig. 34 shows a square centi- . 
metre (sq. cm.), and a square inch 
(sq. in.). 

The square centimetre is di- 
vided into small equal squares. 
Each of these is a square milli- 
metre (sq. mm.). How many 
square millimetres are there in : saeee_saae 
1 sq. em. 1 ~<---eonee J inch =e ~<#Cm-> 

The square inch is shown ee 
similarly divided, but the small 
squares have no special name. Each is yg of a square inch 
(x35 sq. in. or ‘01 sq. in.). 

Ex, 58.—Find out the number of— 


(1) Square centimetres in 1 sq. dm. 
Square decimetres in 1 sq. m. 
Square centimetres in 1 sq. m. 
Square millimetres in 1 sq. dm. 

(2) Square inches in 1 sq. ft. 
Square feet in 1 sq. yd. 

Square yards in 1 sq. mile 


Ex. 59.—On a sheet of squared paper mark out squares the lengths of whose 


30 MENSURATION 


sides are respectively 1 cm.; 2.cm.; 3 cm.,.. .,and count the number of square 
centimetres in the squares thus marked out. Record thus:— , 


Length of side in sae 11213 | 4] 5 1 6 | and so on. 
metres - oes 
e | Area of square in oes} fie ess ee Be [3 - 
centimetres ... “ 


The numbers in the second line are 
called the squares of those in the first 
line; the numbers in the first line are 
called the square roots of those in the 
second line. Such numbers are often re- 
quired. The table should be learned. 

Fig. 35 shows a square whose side is 
33 mm.or 3:3 em. By counting the 
HHH «= Squares its area is seen to be 9 sq. cm. 
pie 1189 sq. mm. = 10:89 sq, cm. The 
*89 sq. cm. means 89 sq. mm. 


Fig. 35.—Area of a Square 


Ex. 60.—(1) What is the meaning of 1°43 sq. cm.? 49 sq. cm.? *81 sq. m.? 
2°89 sq. dm.? 

(2) On millimetre squared paper mark off squares the lengths of whose sides 
are respectively 1°5 cm.; 2° cm.; 3°7 cm.; “4 cm.; 6 mm.; 9 mm.; and by 
counting the squares find the areas marked out. Record as above. 

has what you have done, write down the rule for calculating the area of a 
square when you know the length of its side. In ordinary practice areas are not 
found by seeing how many squares will cover them, but by measuring the lengths 
of the sides afd then calculating the area according to the rule. 

(3),On plain paper draw a square. Measure the length of one side, and hence 
calculate its area. Do this in centimetres and in inches. 

(4) The areas of some squares are respectively 81 sq. ft.; 16 sq.mm.; 25 sq. in.; 
289 sq. yd.; 900 sq.in.; 1°44 sq. in.; ‘81sq.dm.; 1°96 sq.em. What is the length 
of the side of each square ? 

(5) Draw squares whose areas are 25 sq. in.; 2°25 sq. cm.; ‘25 sq. dm.; 
6°25 sq. cm. 

(6) The perimeter (distance round) of a square courtyard is 96 metres. Find 
its area. In its centre is a square plot of grass covering a quarter of the whole 
area, What is the width of the path round the plot of grass? 


32. ESTIMATION OF SMALL AREAS.—In using squared 
paper it is often necessary to estimate fractions of the squares. 


(@) 


Ex. 61.—On squared paper draw an irregular closed figure about a square 
inch in area. (See fig. 44.) Find the area of the figure. 

First count the complete squares and write the number down. Next, take 
each of the intersected squares in turn and estimate the portion included (thus 
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7, °25, &e.); write each one down and add up. Add the result to the number 
of complete squares. 


Ex. 62.—(1) Draw a large square, and either by counting the centimetre 
and millimetre squares enclosed or by calculation, determine its area (a). 


Draw a diagonal of the square, and on this 
diagonal describe a second square. Determine CT TT fol tr 
ew N [ett 


its area (A). 


Divide A by a. What is the ratio between 
the area of the square on the diagonal and the EEC 
area of the original square? ACCC NALTE 

(2) Draw on squared paper a right-angled RR URED uss 28 
triangle ABC (fig. 36) whose two shortest sides Be. QGapPaps. 2g 
are 3 and 4 units. On each side describe a Er INIA | eee 
square. Determine the area of each square. TIBI ICL 16: 
What is the relation between the area of the 2 SRERGRR aS 
largest square and the sum of the areas of the Peet 
two smallest squares? Ee SRR 

Test whether the relation holds for the 


squares on the sides of any right-angled tri- eect l | | | ees 


angle. Fig. 36.—Squares on the Sides of @ 
(3) A square has an area of 1 sq.dm. Find Right-angled Triangle 

the area of a square inscribed in it. Each ; 

corner of the second square is at the middle point of the side of the first squage, 


33. TO COMPARE THE SQUARE CENTIMETRE AND 
SQUARE INCH. 


Ex. 63.—On millimetre squared paper draw a square whose area is 4 sq. ‘in. 
Count the square centimetres and square millimetres, and divide by four, 

1 sq. in. contains... sq. cm. 

Repeat the tteurenient with a square whose side is 33 in. 7 

Compare the two answers. Take their mean. The correct answer is, 1 sq. in. 


- contains 6°45 sq. cm. 


What is the relation between this number 6°45 
and the ratio (2°54) found in Exercise 24? 


34. THE RECTANGLE.—A rect- 
angle is a four-sided figure whose angles 
are all right angles. Fig. 37 shows a 
rectangle whose length is 3 cm. and 


OOOO 
SSSGR0S AHGERRE See eee TeeReEe 
<——------ 88cm. ----> 


breadth 2 cm. Count the centimetre pig 37. —Area of a Rectangle 
squares to find its area. 


Ex. 64,.—(1) Trace out other rectangles on squared paper, and find their 
areas, 

(2) Write down the rule for calculating the area of a rectangle, 

(3) Draw on plain paper rectangles whose areas are: 12 sq. in.; 10 sq, in,; 
24 sq. cm.; 16 sq. cm.; 120 sq. mm.; 70 sq. mm; 21 sq. mm. 
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Fig. 38 shows a rectangle whose length is 3°9 cm. and breadth 
2-4 cm. By counting the squares its area is seen to be 


6 sq. cm. + 336 sq. mm. = 9°36 sq. cm. 
The product of 3°9 x 2-4 = 9°36. 


Thus the rule obtained above for 
the simplest case is always true. 


Area of rectangle 
= length x breadth. 


Care must be taken as to the 
units employed. Thus 3°9 cm. 
Fig. 88.—Area of a Rectangle x 2-4 cm. makes 9°36 sq. cm., 
but 3°9 cm. x 24 mm. does not 

make 9°36 squares at all. Only multiply together lengths measured 


in thé same units. Thus— 
oe 
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3:9 om. xX 24mm. = 39mm. X 2.4mm. = 93°6 sq. mm. 
= ‘936 sq. cm. 


= Ex. 65,—(1) Find the area of rectangles whose lengths and breadths respec- 
tively are: 5°7 cm. and 1°3cm.; 4°6 in. and 29 in.; 3°8 m. and 1°7 m.; 9°6 yd. 
and 4'8 yd.; 15 mm. and ‘9 cm.; 2°8 cm. and 3°6 mm. 

(2) The perimeter of a figure is the sum of the lengths of its sides. Draw a 
sGuare whose area is 16 sq. cm., and a rectangle of the same area. Measure their 
perimeters and compare them. Repeat for squares and rectangles whose areas are 
36 sq. cm. and 6°25 sq. cm. 

If a sqzare and a rectangle have the same area, which has the greater peri- 
nrter ? 

{3) Show by drawing on squared paper that if a straight line be divided into 
any two parts a and b, the square on the whole line is equal to the squares on 
the two parts together with twice the rectangle contained by the parts: ie. 


(a + 6)? = a? + 2ab 4+ 


35. INVERSE PROPORTION. 


Ex. 66.—A rectangle has to be drawn whose area is 60 sq. cm. Using 
whole numbers only, write down in two columns the length and breadth of every 
rectangle whose area is 60 sq. cm. 

Make a graph from the two columns of figures, setting off the lengths of the 
rectangles along the horizontal axis, and the corresponding breadths along the 
vertical axis. The result is a regular curve like fig. 116. 

Since the area of the rectangles is always the same, as the length diminishes 
the breadth increases in the same ratio. This is expressed by saying that one 
quantity is inversely proportional to the other. The curve obtained is always of 
the same shape when this statement is true of the quantities that 1t represents. 
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36. THE PARALLELOGRAM.—Two lines which are at the 
same distance apart throughout their whole length, like the lines 
ruled on foolseap paper, 
are said to be parallel to 
each other, and any four- 
_ sided figure whose opposite 
~ sides are parallel is called 
a parallelogram. 

Fig. 39 shows a rect- 
angle ABEF and a parallel- 
ogram ABCD drawn on - 
squared paper. 

The base is 2 em. long, 


- ‘ Fig. 39.—Areas of Parallelogram and Rectangle 
and the altitude, which Compared 


means perpendicular height, 
is 3 cm. for each figure. ABCD is drawn so os its two donger 
sides bisect the centimetre squares. . 


Ex. 67.—(1) What is the area of the rectangle ABEF? 

What is the area of the parallelogram aBcp that has the same base and ate 
tude as the rectangle? 

(2) On plain paper draw a large figure like ¢ D E Cc 
fig. 40, making ABEF a rectangle, and ABCD a 
parallelogram. Cut the figure out. 


Cut off the triangles pra and ces, and fit ° 
' them one on the other. Are they equal or un- 
~ equal? 


Put pra back in its former position. What 
A e B 
figure have you got? a = 
Take away DFA and put CEB in its former me e 
position. What figure have you got? 
_ (8) From the two preceding examples, write down the rule for finding the area 
of any parallelogram ? 


Ex. 68.—(1) On a base of 6 cm, construct an oblique parallelogram whose 
area is 18 sq. cm. 
(2) On a base of 4 in. describe two parallelograms, the area of each being 
12 sq. in. 
. (3). The lengths of two adjacent sides of a parallelogram are 6°3 cm. and 
| 49 cm., and the angle between them is 45°. Draw the figure and find its area, 


37. THE TRIANGLE.—Fig. 41 shows three triangles and 
three parallelograms standing on equal bases and having the same 
altitude. 

Ex. 69.—(1) Draw figures similar to fig. 41, and either by cutting out, as in 


Exercise 67, or by counting the squares, find the relation between— 
(0 406 ) 3 
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(a) The area of a triangle and the area of a parallelogram, having the same 
base and altitude. 
(b) The areas of different shaped triangles, having the same base and 
altitude. 
(2) Write down the rule for finding the area of a triangle when its base and 
altitude are known. 
(3) Draw a triangle whose area is 6 sq. cm. (Draw a parallelogram whose 
area is 12 sq. cm., and bisect it by a diagonal line.) 
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Fig. 41.—Areas of Triangle and Paraiiclogram Compared 


Similarly, draw triangles whose areas are respectively 3 sq. in.; 8 8q. in.; 
18:5 sq. cm. 

(4) Draw a line 4 cm. long. On this line as base draw three triangles, each 
having an area of 12 sq. cm. 

(5) Draw a triangle and measure its sides. In turn take each side as the 
base, and measure the altitude of the triangle from that side. Compare the three 
answers thus obtained for the area of the triangle. 


38. THE TRAPEZOID.—A four-sided figure having two sides 
perallel, Such as ABCD (fig. 42), is a trapezoid. 
: Ex. 70.—(1) Examine fig. 


ensures 

musguseseesces iciiit! 42 carefully, and from the hint 
Bereseceeces afforded by the dotted lines 
write down the rule for finding 

its area. 
ser ceeesees (2) The lengths of the parallel 
Heidibiitn see Gbiseese i. . sides of a trapezoid are 56 mm. 
sesasns Soscctcetuceceseses and 2°9 cm., and the distance 
Fig. 42.— Areas of Trapezoid and Parallelogram between them 8°6 mm.; find its 
Compared area 


39. POLYGONS.—Rectilineal figures having many sides may 
be divided into parallelograms and triangles, and the total area 
found by adding the areas of the parts. 


Ex. 71.—(1) Draw a circle, and two diameters at right angles to each other. 
By joining the four points thus obtained on the circumference, a square is 
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obtained which is said to be inscribed in the circle. Find the area of this inscribed 
square. 

Find also the area of the square described on the radius of the cirele. 

Compare the areas of the two squares by dividing the area of the larger by the 
area of the smaller. 

The ratio is a simple one. What is it? 

(2) Taking the figure of Exercise 71 (1), draw a diameter of the circle parallel 
to each of the sides of the square. This gives eight points on the circumference of 
the circle. Join them. The eight-sided figure thus formed is an octagon: it is 
divided into eight equal triangles. Find the area of one triangle, and hence of 
the octagon. 

(3) In a similar way, find the area of a Aexagon (a figure of six equal sides) 
inscribed in a circle whose 
radius is 6 em. (Each side 
of the hexagon is equal to 
the radius of the circle.) 

Into how many triangles 
is the hexagon divided? 
What kind of triangles are 
they ? 

(4) ABCDEF is the plan 
of a small field (fig. 43). 
If each millimetre on the 
plan represents 1 yd., find 
the area of the field— Fig. 43.—The Area of a Polygon 

(a) By calculating the 
areas of the parts into which it is shown divided, and finding the sum of those 
parts, 
(6) By counting the squares and parts of squares. (Estimate the parts Of 
squares in tenths.) 

Compare the results. 

The lines shown in fig. 43 show how such a figure may be conveniengly divided. 

oJ 


40. IRREGULAR FIGURES.—The Koei 
areas of irregular figures having curved ort OO pS OO reno 
outlines may be found by drawing their 
outline either full size or on a reduced 
scale on squared paper and counting the 
squares. Fig. 44 represents the outline of 
the main island of Ceylon, copied from a 
map, with the scale appended. According 
‘to the scale a length of 33 mm. on the 
plan represents 400 Km., so that 1 sq. 
mm. represents 147 sq. Km. The number 
of squares included in the outline is 435. 
Hence the area is 435 x 147 = 63945 iia ih <i ation Ie von 
sq, Km, approximately, of an Irrogular Figure 
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Ex. 72.—(1) Draw an outline of your hand on squared paper, and approxi- 
mately determine its area. 
(2) By the method indicated above, find the area of a country from a map. 


41. THE CIRCLE. 


©Ex, 73.—(1) On squared paper describe a quarter of a large circle whose 
radius is 10 units (fig. 45). Make the lines thin. 

Count the number of squares included, the in- 
tersected squares being carefully estimated. If 
the work is accurately done the value obtained 
will be close to 78°5 square units. 

Therefore, approximately, we have:—Circle of 
radius, 10 units, has an area 314 units, and area 
+ square of radius = 3°14. 

(2) Repeat with circles of 6, 8, and 12 units, 
in each case finding the ratio between the area 
and the square of the radius. Take the mean of 
these ratios. ) 

Fig. 45.“ Estimation of the Area (3) Make graphs showing (a) the relation be- 
€ ofa Quarter Circle tween the radius and the area; (0) the relation 
between the square of the radius and the area. 


_ The two graphs (on different scales) are shown in fig. 46. AB 
shows the relation between the square of the radius (horizontal) and 
the area, and as the graph is 

sespriSrEHittr : a straight line it shows that 
pereescassees 2 _the areas of circles are propor- 
tional to the squares of their 

setee radii. CD shows the relation 
eee © between the radius and the 


HA = area. The horizontal measure- 
ments in the curve CD are ten 
times as great as in the line 
AB. To represent them both 
on the same scale would re- 
quire a sheet larger than the 
page. Thismakes nodifference 
to the character of the curve. 
Ex. 74.—From your graph find 
the areas of circles whose radii are 


Fig. 46.—Graphs: AB showing the Relation be- different from those from which 
tween the Area of a Circle and the Square of its the graph was made. 
Radius. Cp showing the Relation between the 
Area of a Circle and its Radius The correct value of the 
ratio obtained in Exercise 73 


is 3°1416, which is the number called = obtained in Art. 15. 


a 
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Thus we see that the area of a circle is + times the area of the 
square on the radius r: 


Area of circle = mr°. 


Ex. 75.—On plain paper describe a large circle. 

By the methods previously used mark out the circumference into 24 equa! 
parts by 12 diameters (fig. 47). Carefully cut 
out the circle and divide it into 24 sectors 
(Art. 42) by cutting along the diameters. 
Paste the sectors on paper side by side, as 
shown in fig. 47. 


Fig. 47.—A Circle reduced approximately to a Parallelogram - 


The circle has been cut up into parts, each of which is nearly a 
triangle, and these triangles make a figure which is nearly a pasal- 
lelogram. The greater the number of sectors the nearer the figure 
approaches that of a parallelogram. 

Examination of the figure shows that the length of this paral- 
lelogram, if the number of sectors is very great, would be half tthe 
circumference of the circle; its altitude is the radius (7) of the 
circle. Therefore E 


Area of circle = half-cireumference x radius; ° 
but (Art. 15) half-cireumference Tr, ad 
therefore Area of circle = 77, 


the same result as was obtained in the last exercise. 


Ex. 76.—MisceLLaANzous EXAMPLES. 

(1) Draw a circle. By stepping with dividers measure the semi-circumfer- 
ence; measure also the radius. Hence calculate the area. Why is the result 
more accurate if the steps are small? 

(2) The diameter of a round table is 1°46 m. What is its area? 

(3) The area of a circular pond is 1256 sq. yd. What is its diameter? (Take 
w = 3°14, 

(4) tow many circles each 1 cm. in diameter could be described on 1 sq. dm.? 
How much of the square decimetre would not be included in the circles? 


42. SECTOR AND SEGMENT OF A CIRCLE.—In fig. 48 
ABDC is a sector of a circle, and BDCE is a segment of a circle. 
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D Ex. 77.—Draw such a figure, and~wetermine 
the areas of the segment and sector, thus:— 


E (1) Measure the radius aB = 7. Calculate the area 
of the whole circle. Measure the angle A in degrees ; 
then the area of the sector is se of the area of the 
. circle. Why? (Art. 23.) 
(2) Measure the length of the curved line BDC; 
call it a; then }ar = area of sector, Compare with 
result of (1). 


© 


A (3) Make the necessary measurements and deter- 
Fig. 48.—Sector and Segment mine the area of the triangle aBc; then sector — tri- 
of a Circle angle = segment. i 


43. AREAS OF SIMILAR FIGURES.—Squares and circles 
are similar figures. It has been found that the areas of squares 
are proportional to the squares of the numbers representing the 
lengths of their sides, and that the areas of circles are proportional 
to the squares of their radii. 


* Ex. 78.—(1) On squared paper mark out the following rectangles :— 
(a) 83cm. X 2cm.; (b) 6cm. X 4cm.; (c) 9 cm. X 6 cm. 


Tkese are similar figures; their shape is the same, (b) being twice as long is also 
twice as wide as (a), and soon. Find their areas, and record them thus:— 


(a) Base = 3 cm.; area = 6 sq. cm. 
(6) 4 = 6, 
€ (c) ” = 9, 


Compare the two columns of figures. The bases are in the ratio of the numbers 
1, 2,3; the areas in the ratio 1, 4,9. What is the ratio between the areas of 
similar rectangles? 

« (2) A number of similar rectangles have their corresponding sides of lengths: 


11 #1.; 3:7 in.; 2°4 in.; 1°8 in. Write down four numbers showing their com- 
parative areas. 


The triangles in fig. 24 are similar; they have one angle the 


same, and the two sides containing that angle proportional. 


Ex. 79.—Mark out on squared paper a number of triangles, as in fig. 24. 
Measure the length of the corresponding sides—one side for each triangle. 
Find the areas of the triangles. Record thus:— 


Length of Side (J). Value of 22. Area of Triangle (A). Ratio A = 7%. 


Se 


What is the relation between the areas of similar triangles and the lengths of 
corresponding sides? 
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Ex. 80.—Write down the relation between the following quantities :— 
(1) The sides of two squares whose areas are in the ratio of 16 to 49; and of 


the sides of two other squares whose areas are in the ratio of 2°25 to 1°96. 


(2) The corresponding sides of two similar rectangles whose areas are in the 
ratio of 289 to 100. 

(3) The radii of two circles of which one is 25 times as large as the other. 

(4) The corresponding sides of two similar triangles of which one is twice*as 


large as the other. 


44. DETERMINATION OF AREAS BY WEIGHING.— 

The areas of figures described on paper may be compared by 
cutting them out and comparing their weights. The same kind of 
paper or cardboard must be used, and the figures should be as 
large as possible. 

Ex. 81.—Cut out a piece of cardboard whose area is 100 sq. em. (or 16 sq. in.). 


Weigh it as accurately as possible, and then calculate to two places of decimals 
the mass of 1 sq. cm. (or 1 sq. in.). If the mass of unit area is m, then the 


- area of any other piece of such cardboard is obtained by weighing it, and dividing 


its mass by m. . 
Describe three or four circles the radius (r) of which you know, e.g. 5 cm., 

6cm., &c. Cut out the circles, weigh them separately, and thus find the area (a) 

of each. F 


Value of Square Mass of Card- Area (A) of Value of | 
of Radius 7°. board Circle. Circle. : 


Radius of Circle. 


5 cm. 25 sq. cm. 
6 cm. 36 sq. cm. 


°° 
Find the mean value of A ~ 7” obtained in this way? What is the corréct 


_ value? Compare with Art. 41. 


— 


Ex. 82.—By the same method find the area of a country or a town from a 
plan or map to which a scale of length is attached. 


45. AREAS OF THE SURFACES OF SOLIDS. 


[It may be more convenient to take this Article after Articles 46 
to 52 have been studied. | 
The areas of the surfaces of regular solids generally consist 


of figures whose areas have been found in the previous exercises. 


_ The area of each face is found separately, and the areas of the faces 


are then added up. 


Ex. 83.—Find the total area of the surface of— 
(1) A cube (fig. 50). Measure the length of an edge (# cm,): then the area 
of one face = «* sq. cm,; and there are 6 such faces, 
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(2) A rectangular prism (fig. 51). If the base is square, there are 2 squares 
and 4 rectangles. If the base is a rectangle (fig. 51), the ends are 2 equal rect- 
angles, and the sides 4 other equal rectangles. 

(3) A right triangular prism (fig. 52). There are 3 rectangles and 2 triangles. 

(4) A pyramid on a square base (fig. 53). There are 1 square and 4 triangles. 
The height of each triangle is measured from the apex of the prism to the middle 
of the side of the triangle dealt with. 

(5) A cylinder (fig. 52). If asheet of paper be fitted round the curved surface 
of a cylinder, it will be found on unrolling to be a rectangle whose length is the 
Jheight of the cylinder, and whose breadth is the circumference of the cylinder. 

Total area 2 circles and 1 rectangle. 

Measure the diameter and height by the method of Exercise 16. 

(6) A cone. Fit a piece of paper on the slant surface of a cone. On unfold- 
ing the paper it is seen to be a sector of a circle whose radius is the slant height 
of the cone. The length of the curved base of the sector is the circumference of 
the base of the cone. The most accurate way of finding the length of this curved 
line is to measure the diameter of the base of the cone, and then to calculate its 
circumference. | 

The area of the sector is then found as in Exercise 77. 

Thé area of the circular base of the cone is to be found separately, and added 
t8 the area of the sector. 


Ex. 84,—MIscELLANEoUS EXAMPLES. 

(1) Knowing that 1 yd. = 91°44 cm., calculate the number of square deci- 
mttres in 1 sq. yd. 

(2) A flat ring, such as a washer, is *7 cm. in internal diameter and 1°15 em. 
in external diameter. Calculate the area of one face. [Subtract the area of the 
inner circle from that of the outer. ] 

(3) Measure the dimensions of a flat ring and calculate its area, 

(4) A circle and a square each have a perimeter of 12 cm, Compare their 
areas as nearly as you can. 

(5) Describe a square whose perimeter is 9 cm., another whose area is 
9 €q. cm., and a third whose area is equal to the sum of the other two. 

(6) Measure the diameter of a wire: calculate its radius, and hence the area 
of its cross section. 

(7) Calculate the total area of the surface of— 


(a) A cube whose edge is 2°6 cm. 

(b) A prism on a square base whose edge is 5 ft., the height of the prism 
being 26 in. (Reduce all measurements to inches, so that the 
answer is in square inches.) 

(c) A right triangular prism, the lengths of the edges of the base being 
3, 4, and 5 cm. and height 9 cm. 

(d) A pyramid whose slant height is 40 cm. and edge of square base 
75 om. 

(ce) A cone whose slant height is 1 ft., and the diameter of whose base is 
5°85 in, 


(8) Find the area of the surface of a knitting needle or pencil, 
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CHAPTER V 


Volume 

46. Volume refers to space occupied, and involves length, 
breadth, and thickness. 

Examine a centimetre cube, such as is shown in fig. 49. Its 
12 edges are each 1 cm. long, 
its 6 faces each 1 sq. cm. in 
area. In the C.G\S. (centi- 
metre-gramme-second) sys- 
tem of units the centimetre 
cube is the unit of volume. 
The volume of any body is 
expressed by saying how 
many such cubic centimetres 
(written cub. cm.) would 
fill the space that the body Fig. 49.—-A Cubic Inch; a Cubic Centimetre 
occupies. 

Fig. 49 also shows a cubic inch, in which English unit small 
volumes are expressed. 


Ex. 85.—Build up larger cubes from smaller unit cubes, taking suctes- 
sively the smallest number of units that will build the larger cube. 
How many units are required to make the next smallest cube? 


Complete the following table :— ° 
» 
Length of edge of cube} 1 cm. 2cm. | 3 cm. | 4 cm. | 5 cm. and so on. 
Volume of cube ... | Lleub.em, | 8cub.cm. | eel 


The numbers in the second line are called the cubes of those in the first line; 
those in the first line the cube roots of those in the second line. The first ten of 
these numbers should be learned. 


Fig. 50 shows on the left a large cube built up of smaller cubes; 
and on the right one layer of the smaller cubes, one section removed 
from the layer, and one unit cube removed from the section. 
Taking the small cubes in the figure to represent cubic centi- 
metres— 

How many cubic centimetres are there in one section? 

How many in one square layer? 
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How many in the whole large cube? 
The whole put together make up a cubic decimetre or litre. 
How many cubic centimetres make one litre 
Ex. 86.—(1) Suppose a cubic metre were built up of cubic decimetres, as 
in fig. 50:— 
2 How many cubic decimetres would there be in one section? 
How many in one square layer? 
How many cubic decimetres in 1 cub. m.? 
(2) Suppose a cubic 
centimetre similarly 


Me a ee ee ee 


— 
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Var. Bar a aa i: built up of cubic milli- 

GYUGEGGIEL: LU oo, metres, write down cor- 
YUYYGYGYG AL BZ responding questions to 
YYUGYLYOGG AS ®w those in (1) above, and 
MMO OD) Z their answers. 
Aes Kiya e (3) Suppose a cubic 
GOYULGLDI MS j ppose a cubi 
GYUYLUIGYIG AEN foot were built up simi- 
OMG larly from cubic inches, 
MMA answer the three cor- 
DVUUGUUYUOLN 


responding questions to 
those above. 
(4) How many cubic 
® feet make a cubic yard ? 
(5) From what you have done in the previous exercises, write down the rule 
for calculating the volume of a cube when the length of the edge is known. 


Fig. 50.—A Litre built up from Cubic Centimetes 


, im practice the volume of a body is not found by seeing how 
many cubes will fill the space that it occupies, but by measuring 
the lengths of its edges and then calculating the volume. 

Ex. 87e—(1) What are the volumes of cubes whose edges are: 9 em.? 6 mm.? 
8 Gm.? 12 m.? 5 in.? 7 ft.?2 9 yd.? 

f) What are the lengths of the edges of cubes whose volumes are respectively 
64 cub, in.? 27 cub. yd.? 729 cub. cm.? 1331 cub. mm.? 125 eub. m.? 


47. Just as with areas we had fractions of square centimetres 
and square inches, so with volumes we may have fractions of 
cubic centimetres and cubic inches. Thus a cube whose edge is 
‘5 em. has for the area of one face (‘5 x ‘5) or *25 sq. em., and 
a volume of (‘5 x ‘5 x 5) or 125 cub. cm. 


Ex. 88.—(1) Write down the area of one face and the volume of each of 
the following cubes:—Length of edge, ‘3 cm.; 1°2cm.; 9 cm.; 16 cm.; “4 mm.; 
26 mm.; 3°7 mm.; 149 mm.; ‘5 ft.; ‘7 m5; 11°3 in; 3°6 yd. 

(2) How many cubic centimetres are there in 3°4 litres? ‘7 litre? ‘03 litre? 

(8) Measure the length of the edge of any cube that is available and calculate 
its volume, 

(4) What is the volume of a cube whose edge is 254 cm.? How many 
cubic centimetres are there in a cubie inch? (See Exercise 24.) 


Lf 
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48. THE RIGHT PRISM.—Suppose layers to be added to or 
taken from the cube shown in fig. 50, the solids thus formed are 
called right prisms. The word right indicates that the edges are 
at right angles to the base. 


Ex. 89.—(1) Referring to fig. 50, what would be the volume of prisms Of 
18 layers? 4 layers? 57 layers? 

(2) Thinking of a cubic foot built up as described above from cubic inches, 
let Jayers be added until the prism is first 15 in. high, then 27 in. high, then 
44 in. high. What are the volumes in cubic inches of the right prisms thus 
formed? 

(3) Taking a prism on a square base, measure the length of the side of one of 
its square faces; calculate the area of the square. Measure the height of the 
prism. Calculate its volume. 


The base of the prism may be not a square butea rectangle, as 
shown in fig. 51. The method of finding its volume is the same. 


Ex. 90.—(1) The base of the mght prism 
shown in fig. 51 is 5 cm. long and 4 cm. broad, 
and the height of the prism is 6cm. How many 
cubic centimetres are there in each layer? What 
is the volume of the prism? 

(2) Find the volume of right prisms of the fol- 
lowing dimensions :—Base, 5 cm. by 4 cm.; height, 
9cm. Base, 7 in. by 9 in.; height, 11 in. Base, 
4 ft. by 6 ft.; height, 12 ft. Base, 9 m. by 6 m.; 
height, 8 m. 

(3) A right prism is to be built up containing 
144 cub. in. Write down all the arrangements 
you can think of by which this could be done. Fig. 51.—Volume®f a Right | 
Thus: Base, 8 in. by 3 in.; height, 6 in. Prism . 

(4) Remembering that the area of the base in 
square units tells you how many cubic units would be required to cover it, write 
down the rule by which you can calculate the volume of any block similar to 
those hitherto dealt with. 

(5) Measure the edges of right prisms, and calculate their volumes. 

(6) Taking a brick as 9 in. long, 44 in. broad, and 3 in. deep, how many 
bricks would be required to build a wall 30 ft. long, 6 ft. high, and 18 in, thick? 


49. Referring to fig. 50, suppose you cut off one corner by a 
‘vertical cut that bisected the corner cubes, you would have a prism 
on a triangular base containing twelve layers, each layer consisting 
of one-half a cubic centimetre. Volume... cub. cm.? 

Fig. 52 shows a triangular prism. The rule for finding its 
volume may be seen to be the same as before:— 


Volume of prism = area of base x height. 


Ans 


aaF 
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Ex. 91.—(1) Calculate the volume of the following triangular prisms:— 


78 
123 


‘9 
12 


2°5 


Area of base in sq. cm. 4 


Height in cm. 


© 


15 
6°3 


(2) Measure the dimensions of a triangular prism and calculate its volume. 
For area of triangular base see Exercise 69. 


Fig. 52.—The Triangular Prism; the Cylinder 


(3) The edges of the base of a prism are 6 cm., 7 cm., and 8 cm., and the 
height of the prism is 12 cm. What is its volume? (To find the area of the 
base describe a triangle on paper of the given dimensions, and determine its area 
f-om that figure.) 


so. THE CYLINDER.—Fig. 52 shows a cylinder. It is a 
prism op a circular base. The bottom layer of cubes contains a 
tertain number of whole cubes, and a number of fractions. LEsti- 
mating these fractions of cubes would be an inaccurate process. 
Their number is the number of squares that they cover, and this 
may be accurately found by measuring the diameter of the circular 
base and then calculating its area. 

The volume is then obtained as before by multiplying by the 
number of layers, that is by the height of the cylinder. 

It is important to realize how it is that area of base x height 
gives the volume of such bodies. 


Ex. 91 (Cont.).—(4) Calculate the volume of the following cylinders:— 


(a) Area of base, 51 sq. cm.; height, 16 cm. 

(b) Diameter of base, 8 om.; height, 9 cm. 

(c) Radius of base, 5 em.; height, 12 cm. 

(d) Circumference of base, 80 cm.; height, 15 om. 


(5) Find the volume of a pencil or of a knitting needle, 


» i ee 
, VOLUME 45 


51. THE PYRAMID.—Fig. 53 shows six pyramids formed 
by cutting a cube across through three diagonals. The pyramids 
thus formed are exactly alike; hence 
the volume of a pyramid on a square 
base is seen to be one-sixth of a cube 
on the same base. 

The altitude (perpendicular height) 
of one of these pyramids is equal to 
half the side of the square. Hence 
the volume may be expressed as the 
product of the area of the base by one- 
third of the altitude. 

Pyramids may be cut in a similar 
way from rectangular blocks that are — *: °*—Yahuae ot Bytiant = 
not cubes. The same result follows: 


Volume of pyramid = area of base x } height. 


Ex. 92.—(1) Find the volume of a pyramid on a rectangular base. Measure 
the sides of the base and calculate its area. Measure the height by blocks as 
in Exercise 17. 

(2) A pyramid whose height is 25 cm. stands on a triangular base. The sicfes 
of the base measure 5, 6, and 7cm. Calculate its volume. 

(3) A pyramid whose height is 15 in. stands on an octagonal base, each side of 
which measures 2 in. Calculate its volume. 


s 
52. THE CONE.—Exercise 92(3) suggests the extension of 
the pyramid rule to the cone. The circular base of the cone may 
be regarded as a polygon with a very large numbew of sides 
(Exercise 75). Hence aks 


Volume of cone = area of base x } height. 


Ex. 93.—(1) Find by measurements and calculation the volume of a cone. 
(Measure height and diameter of base.) 

(2) The circumference of the base of a cone is 40 cm. and its height 20 cm. 
Calculate its volume. 


53. CAPACITY.—The interior volume of a hollow vessel is 
called its capacity. If this interior be one of the regular shapes 
previously dealt with, its capacity is found by taking inside measure- 
ments and calculating the volume by the rules obtained above; 
or practically by the methods shown below. 


54. IRREGULAR BODIES.—Many solids are of irregular 
shape, and liquids take the shape of the containing vessel, which 
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_ is generally not one of the geometrical forms. In these cases the 
volume of the solid or liquid cannot be calculated from length 
measurements, and other methods of determining it are used. One 
of these methods is by weighing. 


Ex. 94.—(1) Take a block of material of the same kind as a unit cube and 
of some regular shape. 
Calculate the volume of the block from measurements. 


tee Weigh the unit cube; mass w. 
Weigh the block; mass W. 


Then W ~ w is the volume of the block. Compare the result with the caleu- 
lated volume. 

(2) Using the above method find the volumes of solid bodies by comparing 
their masses with that of unit mass of the same material. 


55. MASS OF A CUBIC CENTIMETRE OF WATER.— 
The most convenient substance to use in this method of deter- . 
mining volumes is water, because it is the most common, and there 
ig in the C.G.S. system of units a simple connection between the 
unit of volume and the unit of mass. 


Ex. 95,.—Find as accurately as possible the mass of a known volume of 
water. Take a vessel of regular shape—a hollow cube or rectangular vessel, or 
an ordinary cylindrical tin canister. A very small vessel is undesirable. Scratch 
a small mark on the inside, measure the internal dimensions of the vessel, and 
calculate the volume up to the mark. (Suppose it is » cub. em.) 

¢ Place it on the balance and counterpoise with shot or sand. 

Till the vessel with water up to the mark, and add weights to the other pan 
to obtain correct balance. (Suppose the weight of the water thus found is w grm.) 

Compare w and »v. 

. Repeat the experiment with another vessel. 


“If the work has been at all carefully done, the numbers w and 
come out very nearly the same. In a very accurate experiment 
they are exactly the same. One Cubic Centimetre of Water 
weighs One Gramme. This is an important result, and should be 
carefully verified. It gives us a new method of finding volumes. 


Ex. 96.—(1) Find the interior volume of a small flask. Place a mark on 
the neck by a small piece of gummed paper or otherwise. 

Counterpoise the vessel on the balance. 

Fill the vessel up to the mark with water; add weights (¢ grm.) to the 
counterpoise until balance is obtained. Then the volume of the flask up to the 
mark is # cub. cm. 

(2) Take a beaker with an unknown quantity of water in it. Find the 
volume of the water. [Weigh the beaker; pour out the water; weigh again. ]} 


(3) Half a litre of water is poured into a beaker whose internal diameter is - 
10 cm, What is the depth of the water? 
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- 56. MEASURING VESSELS.—Fig.. 54 shows a graduated 
eylinder, on which the volumes of liquid that it contains when 
filled up to different points are marked on the glass. 

The cylinder illustrated is graduated in steps of 
5 cub. cm. up to 500 cub. em. Smaller cylinders are 
made to contain 100 cub. em. only, and on these gene- 
rally each separate cubic centimetre division is marked. 

Pour water into such a cylinder, and note that the 
fiquid surface is not flat but curves up at the sides like 
a saucer. This curvature is called a meniscus, and is 
produced by the surface tension (Art. 78) of the liquid. 
Read the level at the bottom of the meniscus, i.e. at the 
middle part of the liquid. 


im 
= 
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Ex. 97.—Using such a cylinder, deliver into a beaker counter- 
poised on a balance 50 cub. cm. of water, and weigh it. Add an- 
other 50 cub. cm., and add the necessary weights to balance. Con- 
tinue in this way until the beaker is full. 

Compare the volumes and masses of the water at each stage. 


Symp 


Fig. 54.—A 
57. VOLUMES OF SOLIDS BY DISPLACE- Graduated 
MENT OF WATER.— When a solid body is placed ° 
in water and sinks, it is clear that it must push out of the place 
that it occupies a volume of water just as large as itself. We 
eall this displacement of the water, and speak of the water dis- 
placed by a solid immersed in it. 
By using graduated vessels we can use this fact to measure the 
volume of solids that sink in water. 


Ex. 98.—(1) Pour water into a gradumted cylinder. ie 


Take the reading of the level of the water, x 

Put in the solid whose volume is to be determined (not a very small body), 
and again take the reading of the level of the liquid, y. 

Then (y — z) cub. cm. is the volume of the solid. 

(2) Find the interior volume of the flask used in Exercise 96 by filling it with 
water up to the mark, and then pouring the water into a graduated cylinder. 


58. The Burette (fig. 55) is a more finely graduated tube which 
enables us to obtain conveniently any required volume of water. 
dt is closed at the bottom by a tap or by a spring clip placed on 
a short piece of indiarubber tubing. 


Ex. 99.—(1) Examine the graduations on a burette. Place the burette ver- 
tical on its stand. Close the tap. Fill the burette with water up to about the 
mark 10, Read the level (a). Place a beaker under the tap, and turn the tap a 
little so that water trickles out slowly, When the level has fallen to the mark 20 
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Fig. 55.—A Burette 
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or 30, close the tap and again take the reading 


; (y). Find the value of y — «. How much water 


is there in the beaker? 

(2) By this method obtain in a beaker exactly 
the following volumes of water: 10 cub. em.; 15 
cub. cm.; 30 grm.; 25 grm.; and weigh them. 

(3) Graduate a vessel such as a cylinder, 
beaker, or flask. 

Gum a strip of millimetre paper up the outside 
of the vessel. Allow 5 cub. cm. or 10 cub. em. of 
water to trickle slowly into the vessel from a 
burette. Close the tap, and mark the level of the 
water on the paper strip. 

Proceed thus carefully'in equal steps. 

(4) By immersion in water contained in a 
burette, find the volume of a sheet of tinfoil. 
Calculate its area from measurements. Hence 
deduce its thickness. 

(5) By outside measurements of length of 20 
volume divisions on the burette, find its sectional 
area and internal diameter. 


59. THE OVERFLOW JAR. — It 
is often more convenient to obtain the 
volume of a solid by ascertaining how 


Fig. 56.—Overflow Jars 


much water overflows from a jar when the solid is immersed. 
Fig. 56 shows two forms of overflow jar, one with a spout in 
the side, the other using a small siphon (Art. 97) attached to the 


side of the vessel. 


The ends of the siphon are drawn out to fine 


points, The vessel having been filled with water toa level slightly 
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higher than the points of the siphon, the siphon is filled with 
water and placed in position. Water flows over until one of the 
siphon points just touches the surface of the water in the vessel. 

The solid whose volume is to be found is then immersed, and 
the overflow water caught and weighed. 


Ex. 100.—(1) Weigh a beaker (x grm.). 

__ Pour water into the jar until it overflows. When the last drop has issued from 
the spout, place the weighed beaker under the spout, and put a solid body gently 

in the jar, catching the water that overflows in the beaker. When the last drop 

has fallen, weigh the beaker (y grm.), Then the volume of the solid is (y—2) 

eub. cm. ; 

(2) To test the accuracy of the displacement method employed, find the volume 
of a metal cube or cylinder by this means, using one of the largest available, or 
several smaller ones. 

Then measure the dimensions of the solid immersed, and calculate its volume. 

Compare the two results. 

(3) Find the volumes of irregular solids by immersing them in the overflow 

- o 

(4) Find the volume of the glass contained in a small flask or bottle by sinke 
ing it in the jar. 

(5) Measure the dimensions of a pyramid and of a cone, and calculate their 
volumes by the rule of Art. 51 or 52. Determine their volumes by the overflow 
jar, and thus verify the rule. 

(6) Find by the overflow jar— 


(2) The average volume of a number of lead shot, or of similar nails, 
(6) The thickness of glass tubing by immersing a measured length, * 


(7) Find the volume of an irregular mass of wood. [Take a sufficient mass of 
metal to sink the wood; find the volume of the metal; tie wood and metal to- 
gether, and find their combined volume.] e 


60. VOLUME OF A SPHERE. 


Ex. 101.—Take several spheres of different diameters such as large marbles. 
_ Of each sphere, measure the diameter d, and by displacement the volume », 
and calculate the value of v + d3, 
Compare the values of v + d* obtained from the different spheres. 
They will not be very different if the work is carefully done, If they differ 
much, repeat the measurements. When they agree fairly well, take the mean of 
the values of v + d3, 


The answer is ‘5236, which = z 
bj 


Hence, if v be the volume of a sphere, d its diameter, and ¢ its radius— 


v= ad? = 2 


rr, 


61. Some interesting exercises may be performed with a right 
(0 405 ) 4 
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cone, a cylinder, a sphere, and a hollow cube, having the following 
dimensions :— 


Diameter of the base of the cone 

Diameter of the base of the cylinder (internal) 
Diameter of the sphere each = 
Height of the cone and of the cylinder 

Edge of the cube (internal) 


Fig. 57.—Geometrical Relations between Cube, Sphere, Cylinder, and Cone 


Ex. 102.—To find the relation between the volumes of cylinder and cone, 
having the above relative dimensions (fig. 57). 


(1) Weigh the cylinder empty = mm grm. 
(2) Weigh the cone... = M2, grm. 
(3) Weigh the cylinder full of waltek:. = Ms, grm. 
(4) Put the cone in the sae fill up with wake, 
and weigh again .. ie ek | = My tm. 
Then volume of cylinder = — lini = *“ = acub. cm. 
Also volume of water contained in the cylinder 
® in operation (4) = mm, — (m + ™) b cub. cm. 


; . .. Volume of cone (a—b) cub. cm. 
. Volume of cone We loa b 
** Volume of cylinder a er a Se = oe 


The value of this ratio is 4. 


Ex. 103.—Repeat the operations of the preceding exercise with the cylinde: 
and sphere. 

The ratio Co is found to we 2 5 The volume of the cylinder i 
known to be rr? x 2r = 277°; hence the volume of the sphere is — 4-73, the resul 
arrived at in Exercise 101. 8 


Ex. 104.—Repeat the operations of Exercise 102 with the cube and sphere. 


The ratio volume of sphere ; is found to be 523 = ™ The volume of the cn 
volume of cube 6 


is known to be (2r)* = 87°; hence the volume of the sphere is 


8? x ; = arr’, as before. 
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62. AREA OF A SPHERE.—Fig. 58 shows part of a sphere 
with its curved surface divided into a 
number of areas, and the corners of 
one of these areas ABCD joined to the 
centre 0 of the sphere. Then OABCD 
is a pyramid with a curved base. The 
height of this pyramid is the radius r of 


the sphere, and its volume is ABCD X - 


If the whole surface of the sphere were 
thus divided into small areas, the volume 
of all the pyramids formed in the above 


r 
manner would be area of sphere X 5. Fig. 58.—A Sphere regarded as a 
3 Number of Pyramids 


Thus if v be the volume and a the 


area of a sphere, v = & X 5 ; but v has been found = anit. = 
5 ; + 
y T + 
.aX- = =r 
3 es 
and )». @ = 4n7°. y 


Ex. 105.—Solve the following exercises by drawing :— 

(1) A cube of 12 cm. edge stands on a table. A point P is marked on the top 
face ABCD, 2 cm. from AaB and 2 cm. from AD. Find the distance from P to thee 
‘middle point Q of the base of the cube. [The drawing is a right-angled' triangle 
PNQ, of which PQ is the hypotenuse, PN is one side, having length 12 cm., and the 
side Qn is equal to the distance of P from the middle point of the top face of the 
cube. } o 

(2) A room is 6 m. long, 5 m., wide, and, 4 ace oe = the distance fom . 
the middle point of the floor to ah’ angle of the ceiling. iv Ak Lin 3 


is iVi¢ 42 


- 
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63. DENSITY.— When we-make~the~ general. statement.that— 
some materials are heavier than others, e.g. lead heavier than tin, 
tin heavier than wood, we are thinking of the same volumes of the 


different materials. 
The masses of equal volumes of different materials are different. 
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It is usual to compare all substances with water. The specific 
gravity or relative density of a substance is the ratio between the 
mass of unit volume of the substance and unit volume of water. But 
1 cub. cm. of water weighs 1 grm. Hence the simplest way to com- 
pare densities is to weigh a cubic centimetre of different materials. 

Such cubes are sold by instrument makers for this purpose, or 
may with care be cut out from such substances as pine, cork, wax, 
potato with approximate accuracy. 

Ex. 106.—Take such a set of cubes and weigh them each separately, and 
record their weights. 


Thus, e.g. 1 cub. cm. of pine weighs “6 grm. 
1 cub. cm. of beeswax weighs ‘95 grm. 
1 cub. cm. of iron weighs 7°5 grm. 


The numbers obtained for different specimens of such substances 
as those mentioned will not always be quite the same, because the 
different specimens are not all exactly alike. But whatever your 

«specimen may be, the mass in grammes of 1 cub. cm. of the substance 
is its density. 

Ex. 107.—Take blocks of different materials of some of the regular shapes 
«dealt with in previous exercises. Measure their dimensions, and calculate their 
volumes in cub. cm. Weigh them and find their mass in grammes. 

Record thus :— 


« Substance. Density, m = v. 


: : 
Volume (v) in Mass (m) in 
cub. cm. grammes. 


» | ' 
~ Ex. 108.—Find the densities of the materials of irregular solids such as a 
glass stopper, a stone, a piece of metal. It is better to take a large object. 


Determine the volume by the overflow jar, or by the graduated jar, and the mass 
by weighing. Divide the mass (in grm.) by the volume (in cub. em.). 


For liquids the principle is exactly the same as for solids. 


Ex. 109.—To find the density of a liquid. Take a hollow unit cube and 
counterpoise it on a balance. Fill the cube with a liquid—alcohol, glycerine, oil 
are suitable—and weigh it. Then the mass of the liquid in grammes (since the 
volume is 1 cub, cm.) is its density. 


Generally, since the liquid must be contained in a vessel, and 
takes the shape of the vessel, its volume must be separately dete 
mined. 

Exercise 96 showed how to find the interior volume of a 
up to a certain mark. 
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Ex, 110.—Using a flask whose capacity has been thus determined, find the 
density of salt water, and copper sulphate solution, by the method of the previous 
exercise, 


64. SPECIFIC-GRAVITY OR DENSITY BOTTLE. —A 
bottle such as is shown in fig. 59 is often used for liquids. 

In closing an ordinary bottle full of liquid with a stopper, some 
air is always shut in. This must be avoided, and for this purpose 
the stopper of a density bottle has a hole through it, 

When such a bottle is quite 
filled with liquid, and the stopper 
gently lowered into its place, some 


Fig. 59 Fig. 60 bed 
The Specilie-gravity or Density Bottle ? 


af the liquid escapes through the hole, leaving the bottle quite full 
with no air bubble enclosed. The specific-gravity bottles sold by 
makers are carefully made to contain a stated mass of water. 

Any bottle will answer the same purpose if it has a well-fitting 
stopper, along which a groove has been made with the edge of a file, 
is shown in fig. 60. 

Ex. 111.—By the specific-gravity bottle find the relative density of some 
iquids, such as methylated spirit, oil, mercury, turpentine, glycerine, solution of 
opper sulphate, saturated solution of common salt. 


See that the stopper is in the bottle in every weighing, and that the outside of 
he bottle is quite dry. Find these quantities :— 
e 


Mass of bottle empty fs = a grm, 
Mass of bottle full of water ps = b grm. 
Mass of bottle full of liquid ii = ¢ grm. 
-’, Mass of water that fills the bottle = (b —a) grm, 
and Mass of equal volume of liquid = (¢ — a) grm, 
Relative density of liquid... = ; —- <. 


b4 i MENSURATION 


Ex. 112.—To determine the density of a powder. The density of a solid (not 
dissolved by water) which is in the form of small pieces—such as shot, metal filings, 
sand—may be determined by means of the specific-gravity bottle. Proceed as 
follows: —Weigh— P 

(1) The empty bottle. 

(2) The bottle with the substance in it. 

(3) The bottle containing the substance and filled up with water. 

(4) The bottle filled with water only. 

Record as below, where, as an example, an experiment on sand is given:— 


Fa ed 


: Volume in 
Mass in Cubic 
Grammes. | Centimetres. 
(i) Empty bottle a 30°08 
(ii) Bottle + sand Sex b 138°95 
™ .°, Sand only (b — a) c 108°87 
u (itt) Bottle + sand + water... ae 196°51 is 
e§ —_.*, Volume of water only (d — b) | ¢ | 57°56. 57°56 
> (&) Bottle filled with water —. wet ff |} 180% a 
© “1 .°, Capacity of bottle (f—a) ...| g, 100-02 
o 4) .°, Volume of sand only (g —e)...| A. 42°46 


Onn: —— 


© Thus the volume of the sand (A) and its mass (c) have both been found. 


« Ex. 113.—To find the internal diameter of a fine tube (a capillary tube). 
Weigh a length of the tube (m, grm.). Suck up into it some mercury. Weigh 
the tube containing the mercury (m, grm.). Measure the length of the thread of 
mercury (2 cm.). . 
. Then ‘if 7 cm. is the radius of the bore its sectional area is 77 sq. cm., and the 
velume of the mercury is Zr? cub. cm. 

The mass of the mercury is (m; — m,) grm., and density = mass + volume; 


os (m, — M) + Ir? = 13°6, 


whence 7 can be calculated. 
Example.—A piece of tube weighed 2°75 grm., and when it contained a thread 
of mercury 5 cm. long, 2°88 grm. 


The volume of the mercury 5rr? cub, cm. 


The mass of the mercury 13 grm. 
13 
o% a 1 "Oy 
5arr® i, 
re ae & Jide“, 
. T = 000608. 


025 cm. nearly. 
The diameter was *5 mm. nearly. 


UNITS.—It will be seen from the work of the preceding ch 
that to express any measurement we use a unit and a number. 
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A length, area, volume, or mass can only be expressed by saying 
how many units of length, area, volume, or mass it contains. 

The unit employed should never be omitted. To say that the 
area of a surface is 16 has no meaning: to say that the area is 16 cm. 
has no meaning: to say that the area is 16 sq. em. or 16 sq. miles 
_ has meaning. 
| When arithmetical operations are performed with quantities, the 
student must always think of what is their practical meaning. 

Quantities that are of entirely different kinds cannot be joined 
arithmetically. Thus 9 cm. +6 grm.; 9 cm. x 6 grm.; 9 cm, + 6 grm., 
&c., are all without meaning. 

In finding density, we divided the number of units of mass of a 
body by the number of units of volume it contained. This does not 
mean that a mass has been divided by a volume, which cannot be 
done. It means that if 9 grm. occupy 6 cub. em., then 1 cub. em. 
has a mass of 1°5 grm. 

Examples.—(i) 6 cm. X 9 means that 9 lines each 6 cm. long are 
placed one after the other in a line, which is therefore 54 cm. long” 

(ii) 6 cm. x 9 cub. em. is a meaningless operation. 

(iii) 6 sq. cm. + 9 sq. cm. means the comparison of two areag. 

The answer is a number, 3. The first area is $ of the second. 


Ex. 114.—Write out the full meaning (if any) of the following operations :— 
(1) 12 cub. cm. + 6 sq.cm.; 12 cub.cm.+6; 12 cub, em, + 6 cm, 


(2) 12 grm. x 6 cub. cm.; 12 grm. + 6 cub, cm. © 
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PART Il—PROPERTIES OF LIQUIDS 
AND GASES 


CHAPTER VEE 
Properties of Liquids 


65 LIQUID PRESSURE. 


Ex. 115.—Take a large thistle funnel or small bell jar, or 
_the central piece of the apparatus shown in fig. 63, and over 
its mouth fasten a piece of thin sheet indiarubber, which may 
be firmly secured by being stuck on to the glass with india- 
rubber solution and tied round with thread or very thin wire. 
The membrane should be stretched a little, like the skin of a 
drum, but not too tightly. 
By means of indiarubber tube connect the funnel with a 
long glass tube, as shown in fig. 61. 
Tie the tube to a metre scale and fix it vertical with the 
_ Membrane downwards. Pour in water coloured 
with cochineal. The membrane bulges out. ek ; ° 
Add water in two or three successive ; 
Stages, and at each stage measure the height 
of the liquid column and the depression of the 
centre of the membrane. The latter quantity 
may be read by allowing the membrane to 
touch a squared block which has one side 
against the scale, 
Continue until the tube is filled. 
Turn the funnel to the side and in various 
positions. The membrane bulges out even 
_ when it faces upwards. 


The results indicate that the liquid 8: Bp some ilyn * Coha 
exercises on the membrane a pressure 
which increases as the depth of the liquid grows greater. 
Moreover, the pressure of the liquid is exercised not only 


vertically downwards, but in all directions, even vertically upward. 
87 


5 tedind 
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Ex. 116.—Using the tube shown in fig. 61, mark the height of the water 
on the stem. Holding the tube vertical with the membrane downwards, slowly 
lower it vertically into a deep vessel of water. 

Note the rise of the coloured liquid in the tube, showing that the membrane is 
pushed inwards gradually as it gets further into the liquid. 

At what depth is the membrane quite flat? 


Fig. 62.—-Upward Pressure in a Liquid 


Thus the pressure exercised 
by a liquid is not only mani- 
fested in a tube, but exists in 
any mass of liquid. 


Ex. 117.—Take a glass tube open 
at both ends, such as a cylindrical lamp 
glass, having one end ground so that 
its circumference is quite flat. Also a 
thin flat plate larger than the tube, and 
made of metal or of glass. 

Pressing the plate in close contact 
with the ground end of the tube (fig. 
62), lower the tube into a vessel of 
water in a vertical position. 

When the plate is a short distance 
below the surface the plate will stay in 
its place without being held. Why? 

The lower it is sunk the greater the 
pressure on the plate. 

Gently and slowly pour water into 
the tube. When this water reaches 
nearly to the level of that outside, the 
plate falls off. Why? 


: 66. LEVEL OF LIQUID IN CONNECTED VESSELS. 


Ex. 118.—Join together several glass vessels by tubes, in the manner shown 
in fig. 63. Such an apparatus is more useful if it can be taken to pieces and 
the arrangements varied. Fig. 64 shows a similar apparatus made from a burette 
and a bell jar, joined by tubes of indiarubber 


and glass. 


Fig. 63 
Level of a Liquid in Communicating Vessels 
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Pour a little water into one of the vessels. It rises in each tube: note the 
heights. Continue to add water till the vessels are full. Does the shape or size 
of the vessels affect the height at which the water stands! 
Does it matter whether the tubes are vertical or slanting? 
Pour out the water, dry the tubes, and repeat the experiment with other 
liquids. The experiments show that all liquids “find their own level”. 


Ex. 119.—Join a glass funnel, 
or the central vessel of fig. 63, by 
means of a long piece of indiarubber 
tube to a glass tube (fig. 65). 

Fix the funnel, hold up the glass 
tube, and pour water into the funnel. 

Raise and lower the glass tube, 
and note the water levels. 

A tube of this kind with two 
arms is called a U tube. 


Water from a reservoir con- Fig. 65.— Action of an Elevated Reservoir of 
nected by pipes to a town thus Water 
flows across valleys, and up over . 


hills lower than the reservoir, into the pipes in the houses. Illustrate the proeess 
by bending the tube. 


Ex. 120.—Replace the glass tube of Exercise 119 by a tube having a fine 
nozzle. Lower the nozzle below the level of the reservoir, Fountains are hus 
produced. 


Ex. 12i.—Fill the apparatus of fig. 63 half-full of water. Pour oil into one 
of the vessels. Are the liquid surfaces now level? Why is this? 


Experiments 115 to 117 have demonstrated a characteristic pro- 
perty of liquids. A column of solid material only presses on its 
base; but a column of liquid presses not only on the dottom but 
also against the sides of the vessel that contains it. It also presses 
upwards on any solid body that is immersed in it. Moreover, this 
pressure is greater at greater depths than at smaller ones, increasing 
as the depth increases. 

Experiments 118 to 121 show that if a liquid be placed in a set 
of vessels connected at the bottom the surfaces in the various vessels 
stand at the same height. The reason for this is shown by experi- 
ment 115. The liquid bulged out the membrane when it was held 
sideways, proving that there was a pressure towards the side. If 
the membrane had been pricked with a small hole when held side- 
ways the water would have spurted out. 

At the bottom of a U tube there is one column of liquid pressing 
towards the left and another column pressing towards the right. 
When these pressures are equal the liquid at the bottom comes 
to rest and remains at rest. 
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If more liquid is poured into the left-hand arm the pressure from 
left to right is greater than that from right to left, and the liquid 
moves round until the pressure at the bottom is the same in both 
directions. 

If two different liquids are used the levels in the two arms are 
no longer the same. The lighter liquid in one arm stands higher 
than the heavier liquid in the other arm, because it requires a 
taller column of lighter liquid to exercise a pressure at the bottom 
equal to that of a shorter column of heavier liquid. 

Moreover, neither the size of the tubes nor their direction affects 
the result, but only the vertical height of the liquid column. 


67. FLOTATION.—Every day experience shows that some solid 
bodies float on water while others sink, and that the floating body 
is always partly immersed in the liquid. 

Ex. 122.—Try experiments with other liquids than 
water. 

(1) Put a piece of beeswax in water, and in alcohol, ether, 
or turpentine. Does it sink or float? 

(2) Put wood, glass, crockery, iron, or stone in mercury. 
(The substances should be clean. Many substances make 
the mercury unfit for use afterwards.) 

(8) Using only a small quantity of mereury, try frag- 
ments of zinc, copper, lead in mercury. 

What is the connection between the density of the liquid 
and the floating or sinking of solids placed in it? 


Some liquids float on water, and some sink in 

water in the same way that solids do. Other 

liquids do not remain separate, but mix with 
the water. 

Fig. 66 illustrates this. At the bottom of 
the jar is a quantity of mercury; on this floats 
salt water, on which floats oil, on which floats 

methylated spirit. An egg sinks through the 
Pree first two liquids, but floats nearly immersed in 
Denser Liquids the third. 
Mercury, a saturated solution of potassium 
carbonate, alcohol, and petroleum form a similar series of liquids 
with which such a jar may be filled. 
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Ex. 123.—(1) Gently place a single large drop of glycerine on the surface 
of water. Does it sink or float? Note the appearance. 


Try a very small drop, such as may be obtained on the end of a knitting 
needle, 
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(2) Repeat the experiment with oil. 
(8) Place together in a test tube larger quantities of two liquids, such as oil 
and water, which do not mix. The lighter floats entirely on the top of the 
heavier, not partly immersed, as does a solid. Note their behaviour when shaken. 


68. UPTHRUST OF A LIQUID. 


Ex. 124,—Take an empty beaker or bottle, and holding the mouth upward 
push the vessel slowly straight downwards in water. A backward push is felt. 

If the closed vessel be large, all your 
strength will not be sufficient to push 
it down into the water. 

Try the same experiment with mer- 
cury if possible. What difference do 
you notice? 


This upward push or pres- 
sure exercised by liquids is called 
an upthrust. It causes some 
bodies to float on their surface. 


Ex. 125.—(1) Hold a lump of 
brick, or glass, or coke, or any large 
heavy object, in the hand. Then lower 
it into water. From what you feel of 
the weight, does there appear to be an 
upthrust on heavy bodies that sink? 

(2) Tie two equal masses of metal 
or heavy stuff to the ends of a string, 
and put the string over an easily run- 

' ning pulley wheel: see that they balance. 
Under one of the masses bring up a Fig. 67.—Upthrust of a Liquid 
_ beaker containing water, so that the . 
solid enters the water but does not touch the bottom (fig. 67). Why dg the 
masses no longer balance? 


= 


These experiments demonstrate that whether a body floats or 
sinks in a liquid, there is always an upthrust exercised on it by 
the liquid, produced by the liquid pressure. 


69. CONNECTION BETWEEN DISPLACEMENT AND 


UPTHRUST. 

Ex. 126.—(1) Pour water into a graduated cylinder, and read the level of 

+ the surface (a). 

Weigh a mass of wood as large as will easily go into the cylinder (m grm.). 

Place the wood in the cylinder so that it floats freely. Read the level of the 
water surface (b), 

Then (6 — a) cub. cm. is the volume of the water displaced, and (b — a) grm. is 
the mass of the water displaced, 

What is the relation between (b—a) and m? 
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Fig. 68.—Mea- 
surement of Up- 
thrust on a Float- 
ing Solid 


Repeat the operation with other floating masses, and record 


~ in two columns: 


Mass of floating body; Mass of water displaced. 


Compare the two rows of figures. 

(2) Using the same floating objects, immerse them in the 
overflow jar, making the same records as in the last experiment, 

As the pairs of numbers are seen to be in a fixed ratio, add 
up the figures in the two columns, and thus obtain (a) the total 
mass of all the bodies examined, () the total mass of water they 
displace when floating. 

Compare the totals, and write down the relation between 
the mass of a floating body and the mass of water that it dis- 
places. 


Ex. 127.—Put sufficient sand, shot, or nails into a test tube 
to sink it in water to about three-fourths of its length. Sus- 
pend the tube by thin threads to a spring balance (fig. 68), or to 
one arm of a physical balance, and weigh it in air. 

Record its weight in grammes. 

Put about 50 cub. cm. of water in a 100-cub.-cm. graduated 
cylinder, and record the height of the surface of the water. 
Bring up the cylinder so that the test tube just enters the 
water. Raise the cylinder slowly, and note the behaviour of 
the spring balance. 

The balance shows loss of weight of the test tube as the 
water level rises. 

Perform the operation in three or four steps, recording each 
time the loss of weight of the body in grammes, and the volume 
of water displaced by the body in cubic centimetres. 

Arrange these numbers in two columns, and compare them 
pair by pair. 

As before, all the readings of loss of weight may be added 
together, and all the readings of volume of water displaced may 
be added together. The errors in reading are then likely to 
cancel each other, and a more accurate result is obtained. 

Remembering that 1 cub. cm. of water weighs 1 grm., what 
is the connection between the loss of weight of a body float 
in water and the weight of the water it displaces ? 


These experiments show that when a solid floats 
in a liquid it displaces a quantity of liquid whose 
weight is equal to its own. The water displaced by 
a ship weighs just as much as the ship. This weight 


is called the displacement of the ship. 


70. The amount of the upthrust on a body that sinks may be 
found in the same manner. 


Ex, 128.—(1) By means of a fine thread suspend some body, such as a 
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cube or cylinder, whose volume (v cub. cm.) is known, and whose density is 
greater than that of water, to one arm of a balance (fig. 69), or on a spring 
balance, and weigh it. Bring up a beaker of water, so that the solid enters the 
water, and find the loss of weight (m grm.). 

Compare m and v. 

(2) Repeat the experiment with an irregular body whose volume has been 
found by the overflow jar. In this case take special care that no air bubbles cling 


pre 


Fig. 69.—Measurement of Upthrust on a Solid that Sinks e 


to the body. They may generally be removed by raising the body out of the 
water. 
® Again compare volume (in cubic centimetres) with loss of weight (in grammes). 


_ Such experiments show the same result as with floating bodies. 
Thus it has been demonstrated that in all cases when a body is 
immersed in water it loses weight, and the loss of weight is equal 
to the weight of the water displaced. This statement is called the 
principle of Archimedes. A similar statement is true for all liquids. 


71. REACTION ON THE VESSEL. 


Ex. 129.—(1) Place a beaker containing water on one pan of a balance, and 
counterpoise it. Hold a rod so that one end is in the water, What does the 
balance show? How is the rod being supported? 

(2) Place in the beaker the solid used in Exercise 128 (1), having previously 
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weighed it. How much additional weight is recorded by the balance after th 
solid has been put in the beaker? | 

What is the connection between the weight of the solid and the additiona 
weight of the beaker and contents? 

(3) Now suspend the solid in the beaker by means of a fine thread from 
Separate stand, as in fig. 70. 

Is the beaker any heavier? Add the necessary weights, and find out by how 
much its weight has been increased. Compare this increase of weight with the 
loss of weight of the same body in Exercise 128 (1). 


Fig. 70.—The Vessel becomes Heavier by the Amount of the Upthrust 


The comparison shows that when a body is suspended in a liquid 
contained in a vessel, the vessel gains in weight just as much as the 
body loses. 


“72. DETERMINATION OF DENSITY. — When a good 
balance is used the principle of Archimedes furnishes a very ac- 
curate method of determining volumes and densities, since the 
number of grammes weight that a body loses when suspended in 
water is the number of cubic centimetres in its volume. 


Ex. 130.—Find the mass of 1 cub. cm. of water. Take a set of (suppose 6) 
centimetre metal cubes. Fasten them together or tie them up in a small bag of 
thin muslin. Suspend the cubes from one arm of a balance and counterpoise, 
Bring up a beaker of water under the cubes, as shown in fig. 69. Find the 
upthrust in grammes (suppose 2 grm.). Then x grm. is the mass of 6 cub, em. 
of water. 


Ex. 131.—(1) Find the volume of some heavy irregular solids, such as a stone, 
a glass stopper, a mass of metal, by weighing in air and in water, 

(2) Find the averagé“#fiickness (2) of a coin. Determine its volume (v) as 
above, and measure its diameter (d), 
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4 Then its radius r = rf its area = mr*; its volume = wrx, which is equal 


Ov. ,°, average thicknegs x = v + mr’, - 
_ (3) Find the diameter (d) of of a piece of wire, ~ Measure its length (/). 


4 Determine its volume as above (v); then the volume = (3) = v, in which 


quation all the quantities are known except d, which can therefore be calculated, 
(4) Weigh (in air) the bodies whose volume has been determined in the 


Pp Bvious exercises (1), (2), (3). This determines the mass. Then density 
mass 


~*~ Volume 
_ xample.—The following example is from an experiment on a glass stopper :— 
Weight in air, 24° 13 grm.; in water, 15°13 grm, 

Vela, 9 cub. cm. 

Density = 2413+9 = 2°68. 


Thus find the densities of the substances. 


73. To find the density of a solid that floats on water, a <a 
must be used. 


_ Ex. 132.—Find the density of a piece of wood. 
Weigh the solid: mass = @ grm. 

_ Attach the solid to the sinker, suspend from the arm 
of a balance, as shown in fig. 71, and bring up a beaker 
of water so that only the sinker i is immersed. Counter- 
poise the suspended mass. 

_ Add water until the wood is immersed. By means of 
ghts (b grm.) obtain exact balance. Then } cub, cm. 
the volume of the wood. Its density isa +b. Thus 
piece of wood weighed 4:92 grm.; the upthrust on 
was 5°46 grm. Then its density = 4°92 + 5-46 = °9. 


_ 74. The density of a liquid other than water 
may be found by weighing in it a solid of es 
nown density. The upthrust of any liquid a Light Solid 

a solid is equal to the weight of a volume 

the liquid equal to the volume of the solid immersed in it. 
dence different liquids give different upthrusts. By comparing the 
thrusts we compare the densities of the liquids. 


Proceed thus—the figures refer to an experiment :— 


133.—Weigh the solid (a glass stopper is suitable)— 
(1) In air (w). 
(2) In water (w,): upthrust = w, — w. = 1°54 grm, 
(3) In the liquid (ws): upthrust = w, — w; = 1°38 grm, 


~The two upthrusts give the weight of a mass of water and of a mass of liquid 
ach equal in volume to the solid. 


19405) 5 
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Find by this method the density of turpentine, or of the liquids used in 
Exercise 109. 


75. Density of a solidfhich is acted on by water. 

If the solid is one that is dissolved by water, some other liquid 
whose density is known must be used to determine the density of 
the solid. The method of experiment is precisely the same as with 
water. But the calculations involve the density of the liquid used. 

Thus, the density of turpentine being °87, the upthrust when 
1 cub. cm. of turpentine is displaced is not 1 grm., but 87 grm.; 
when 1 cub. cm. of mercury is displaced the upthrust is 13°6 grm., 
and similarly for any other liquid. 


Ex, 134.—Determine the density of copper sulphate by suspending a large 
crystal of copper sulphate in turpentine. 


76. HYDROMETERS. 


Ex. 135.—In water contained in a tall cylinder place a wooden cylindrical rod, 
such as an uncut pencil or a 
round ruler, so that it floats in 
a vertical position (fig. 72). 

Measure (a) the length of 
the rod immersed in the water, 
(b) the whole length of the rod. 
From (a) and (b) determine the 
relative density of the wood of 
which the rod is made. Repeat 
with rods of .different kinds of 
wood. 


Ex. 136.—Take one of the 
rods and immerse it in the same 
manner in a different liquid. 
Measure the distance to which 
it sinks in this liquid. The dis- 
tance to which it sinks in water 
is known. From these lengths 
find the density of the liquid. 
Does the rod sink deeper into 
the lighter liquid? If so, why? 


A floating body which is thus used to deter- 
mine densities is called a hydrometer. A hydro- 
meter which sinks to a different depth in different 
liquids is called a hydrometer of variable immer- © = 4 
sion, and affords a ready method of determining © 
the relative densities ef liquids. Fig. 73. — Hyde 


A useful hydrometer may be made from a tussenaed-4 0 
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piece of glass tube closed flush at the bottom by a small plug 
smeared over with sealing wax (fig. 73). A specimen tube with 
a flat bottom is suitable. If a test tulis useds* allowance must 
be made for the rounded end of the tuhe. 

> Ex. 187.—In the tube fit and gum on a piece of millimetre paper on which 
the centimetres are clearly marked and numbered from the bottom, in such 
& way that the numbers show the distance from the outside of the bottom of 
tu Put sufficient sand or shot in the tube to sink it in water to some con- 


venient mark (preferably 100), and record the water mark. Suppose it has sunk 
to a depth x divisions on the scale. 


Place the hydrometer gently in turpentine. It sinks to y divisions on the 
scale. ? 


Why is y not equal to x? 
From the numbers y and x determine the density of turpentine. 
epeat with salt water, oil, alcohol, glycerine. 


__ 77. NICHOLSON’S HYDROMETER.—This instrument, shown 
in fig. 74, consists of a hollow metal cylinder having at the tep a 
thin stem supporting a 
pan, and at the bottom 
end a pan or cage. 
When placed _ in 
liquid it floats verti- 
tally. A mark is made 
mm the upper stem, 
ind the hydrometer is 
ilways made to sink 
lown to this mark: The 
nark should always be 
iewed from just below 
t through the liquid. 
the instrument is sen- 
itive, and must be 
ently touched when 
oating. The stem 
hould be cleaned before 


ed rubbing it with ; 
lean 
j 


rag moistened Fig. 74.—The Method of using a Nicholson's Hydrometer 
‘ith methylated spirit. ean 


Ex. 138.—Find the density of a solid by Nicholson's hydrometer. Only a 
nall piece of the solid must be used. 

Place the hydrometer in a tall cylinder containing water that has been 
cently boiled, and temove air bubbles. To prevent weights falling into the 
ster, close the top of the jar by a piece of cardboard having a slot in it, 
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(1) Place weights in the upper pan until the instrument just sinks to th 
mark on the stem (fig. 74a). Let the weight be «, grm. 

(2) Remove the weights; place the substance»in the upper pan, and ad 
weights in the upper pan until the stem mark is again at the surface of the wate 
(fig. 740). Weights in the pan (we). 

Remove the weights and the substance. 

(3) Place the substance in the lower pan. If it is lighter than water tie ; 
there with a small piece of thin thread (unless there is a cage on the lower pan 
and put the instrument again into the water. 

Place weights in the upper pan until the stem mark is again at the liqui 
surface of the water (fig. 74c). Weights in the pan (2s). 

Then we have— 


Weight of the substance in air, i.e. its mass vee Wy, — We QTM. 
Weight of the substance in water ... i es Wy — Wz QrM. 
.°, Loss of weight in water = (# — We) — (Wy — Ws)... Wg — We grm. 
.*, Volume of substance ... ae a SG _.. Ws — We cub, cm. 
Dey oe 
volume Ws — We 


“Ex. 139.—Find the density of a liquid by Nicholson’s hydrometer. 


(1) Weigh the hydrometer a bes sit w, grm. 
(2) Place the instrument in water and sink it to the 
mark on the stem by placing in the upper pan 
weights amounting to ss 5 — wes We QTM. 
(3) Remove the hydrometer; dry it; place it in the 
given liquid, and sink it to the mark by weights 
in the top pan amounting to “aes Ve ... Ws grm. 
Then we have— 
Mass of water displaced by the hydrometer ... (Ww, + w) grm. 
Mass of liquid ys % 5 ... (w, + Ws) grm., 
and these different masses have the same volume. . 
.*, Relative density of the liquid = pos Bett 


« W, + We 

Ex. 140,.—MisceLLaNrous EXAMPLES. ' 

(1) Coil a piece of copper wire round a piece of lead. Find the density 
this mixed substance. Obtain the density of each of the metals from the tab! 
Knowing these three quantities, calculate the proportions of copper and lead p 
sent. Verify by weighing them separately. 

* (2) From the above experiment describe a method by which you could asc 
tain whether a piece of metal supposed to be gold is all gold or contains so 
other substance mixed with it (Archimedes’ experiment). 

(3) Three liquids are given you, all having the appearance of water. On 
water. How would you find out which was the water? 

(4) A glass stopper weighs 4°5 grm. in air and 2°7 grm. in water. EH 
much would it weigh in turpentine of relative density ‘87? 


78. SURFACE TENSION OF LIQUIDS.—It has alres 
heen noticed that where liquids touch the sides of vessels | 
surface is not horizontal. 
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Ex. 1414.—(1) Place a fine steel needle on a forked piece of wire, and lower 
it gently in a horizontal position on to the surface of water. With care the 
needle may be made to float. 

(2) Place similarly a piece of fine wire gauze turned up at the edges on the 
surface of water. This may be made to float, 


ere is a special cause acting in these eases. The metal is not 
wetted by the liquid; it lies on the top as ona table. The reason 
of the flotation is that there is a special condition of the surface 
layer called surface tension, which has the same effect as though 
the surface were covered by a skin. Unless this surface layer or 
skin is pierced the solid does not get into the liquid. 


Ex. 142.—(1) Take two rectangular 
glass plates; place a thin piece of wood be- 
tween them at one end leaving the other ends 
in contact; and bind the plates together. 

First immerse them entirely in water; 
then set them straight up in a vessel con- 


taining a little water. The water rises be- sae eamel 
tween the plates as shown in fig. 75, reach- - 
ing its greatest height where the plates are 
closest. : 
(2) Dry the plates, and place them in a : 
similar position in mercury. The mercury 
Fig. 75.—Ch f Level of Liquid 
tage the plates takes the form of a curve. =e Eetacen Be hh Tae 
Draw ; 
e curve . 


Ex. 143.—Take a glass tube of small bore, such as a piece of thermometer 
tube. Such tubes are called capil- 
lary tubes. 

Draw water through the tube 
so as to wet the inside. Fix the 
tube upright in water. The liquid 
stands up the tube as shown in 
fig. 76. 

Place a similar tube in mer- 
cury contained in a test tube. 
The position of the mercury may 
be seen by holding the capillary 
7a tube against the side of the test eP : ; 

. yo ; ee a ; lg. //. — Depression 
Water in E Papitlary ones a eee the eee of Moecdty in - Capil- 
Tube tube is depressed below the jay pube 

4 general level as shown in fig. 77. 


Ex. 144,—Take two or three capillary tubes of different diameters. Deter- 
mine their diameters by the method of Exercise 113. Draw water through them 
30 a8 to wet the insides. Place the tubes vertical in a vessel of water (fig. 78). 
Measure the height at which the water stands in each tube above the level of 
the water in the vessel, 
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Compare the heights with the ince of the tubes. 
For each tube multiply together the diameter of the tube and the height to 
which the water has ascended. The products are approximately the same. 


The experiments show that liquids in contact with solids change 
their levels at the line of contact. When the liquid wets the solid 
. the liquid is elevated, and the surface is 
He a concave; when the liquid does not wet the 
L Re Bae ho sigs pe te 
ff i THT solid it is depressed, and shows a convex 
surface. 

The amount of the elevation or depres- 

sion of a liquid in a capillary tube depends 

| upon the diameter of the tube, the exact 

law being that it is inversely proportional 

a a B TUM to the diameter of the tube (Exercise 144). 

cc The amount jot thé capillacy clovattol 

_Fig® 78.— Capillary Eleva- or depression is different for different liquids 

«tion varies with the Diameter’ - : 

oi the:Tube in the same size of tube. 

The cause of the capillary action is the 
surface tension of the liquid. The surface layer of the liquid has 
‘liquid beneath it and air above it, so that the surface layer is acted 
on in a different manner on its two sides. This layer is therefore 
in a different condition to the rest of the liquid. 


i] 
tH) 
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CHAPTER VIII 


Properties of Gases 


79. Although air is invisible, and cannot be handled in definite 
quantities as easily as solids or liquids, we can infer many of its 
properties from its effects on other things. 

Thus we know that air flows from one place to another by feel- 
ing the wind, and by seeing it carry along smoke, clouds, and light 
objects. Air is therefore a fluid. Gases and liquids are all fluids. 

There are many other gases besides air; oxygen, hydrogen, 
nitrogen, and carbonic acid being those most commonly met with. 
The elementary properties of all gases, so far as they are dealt with 
here, are the same, and the experiments of this chapter may be 
made with any gas. 


~*~ 
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80. PRESSURE OF A GAS. 


Ex. 145.—(1) Push an empty flask, prefer- 
ably one that has a long narrow neck, mouth 
downwards into water. 

Water rises up the neck, and the farther the 
flask is lowered into the water the higher the 
water rises into the flask (fig. 79). 

No air has escaped. Hence the air has been 
compressed into a smaller volume. The compres- 
sion is produced by the pressure of the water 
demonstrated in the last chapter. 

(2) Slowly blow out a toy balloon or a paper 
bag with its mouth gathered up into a narrow 
neck. The pressure of the air inside may be felt 
by bolding it between the finger and thumb. 
Such a vessel is said to be inflated with air. 


A football or a tennis ball is blown 
up in the same way till the ball feels 
quite hard, but it becomes smaller under 


Fig. 79.—Compressibility of Air, 


considerable pressure. Note the resistance that it offers to com- 


pression. 

A bicycle tyre is similarly 
blown up, and a cyclist tests the 
sufficiency of its inflation by press- 
ing it with his fingers. The pneu- 

matic (air-containing) tyres of a 
motor car are similarly inflated. 

If the outlet of an inflated 
tyre or football be opened, the air 
that has been forced in rushes 
out again. A puncture in the 
tyre of a bicycle is followed by a 
great outrush of air. 


Ex. 146,—Fit a flask a, fig. 80, with 

a well-fitting stopper having two holes 

through it. The stopper must be air- 

tight. Through one hole pass a piece of. 

‘glass tubing B, that terminates in a piece 
of indiarubber tubing on which there is a 

serew clip or pinch-cock & (fig. 81); and 

through the other hole pass the stem of a 

funnel 0, the aperture p of which is small. 


Fig. 80.—Pressure of Air 


The small aperture may be obtained by fastening to the stem of the funnel a piece 
of small-bore tubing by means of an indiarubber joint, or as described in Art. 179. 
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Pour water into ©, leaving the tube B open. Screw up the pinch-cock while 
there is still plenty of water in c. 

If the stopper is air-tight, water soon ceases to 
flow from D. What is keeping it back? 

Loosen the screw clip. Does air pass out along 
the tube B? Why? What is the effect on the flow 
of water? Why? 


NUH HL! 


These experiments show that air can 
be compressed, that a quantity of air con- 
tained in a closed vessel presses against 
the walls of the vessel in all directions, and 
that air which is under a greater pressure 
flows out where it can to a place where the 
pressure is less. Of course as the air presses 
against the walls of the vessel, those walls 
resist or press back. Thus we may speak of the pressure to which 
the afr is subjected (which it is wnder) or of the pressure which 
it exercises. These are equal. 


81. THE AIR PUMP.—In Exercise 145 the 

water moved up the neck of the flask, pushing the 

p air in front of it. A well-fitting solid piston would 
compress the air in the same way. 

A tube containing a piston which when pushed 

- down compresses the air in front of it, is called a 

compression pump. A bicycle pump is a simple 

; compression pump. 

Fig. 82 shows such a pump. By means of a 
handle the piston A can be moved up and down 
in the barrel BC. 

D You know that air rushing into a room blows 
the door open if it is not fastened, and when rush- 
ing out of a room blows the door shut. The 
valves shown in section in fig. 82, at C and in the 
piston, are small trap doors, hinged so that when 
air presses on one side they open a little way and 
allow air to pass through; but when air presses 

; on the other side they shut closely and lap over 

Fig. 82—A Simple He Opening against which they are placed, so 

Compression Air Pump that no air can pass through. 

Valves are made in many forms, differing in 
shape from those shown, but always fulfilling the same purpose. 
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Suppose the piston A of the pump is at the top of the barrel at B. 
On pushing it down the valve in A closes, and drives the air in front 
of it. This causes the valve C at the bottom of the barrel to open, 
and air is driven through the tube D into any vessel that is con- 
nected to the tube. 

On pulling the piston back the valve in A opens, while that at 
Cis closed by the pressure of the air in the vessel connected with p. 
Thus at every stroke air is driven out of the barrel along the tube p. 

Ex. 147,—Take the apparatus of fig. 65, and put the funnel mouth down- 
wards into a deep vessel full of water, so that water rises up the glass tube. 


_ Now attach a small compression pump to the end of the small glass tube, and 
work the pump moderately. Note the result of each stroke of the piston. 


This experiment shows how air is supplied to diving bells, and 
to other vessels in which men work below water. The pressure of 
the air in the sunken vessel is equal to that of the water, and 
the water is thus kept out of the vessel. ° 


82. TENDENCY OF GASES TO EXPAND. 


Ex. 148.—Take two football bladders or two indiarubber toy balloons. To 
one of them, 4 (fig. 83), connect a glass tube in which there is a tap. Or ia 


Fig. 83.—Expansive Power of Gases 


the absence of a tap, join two short pieces of glass tube by a short piece of india- 
rubber tube, and put a pinch-cock on the indiarubber tube. See that the joints 
are air-tight. 

Inflate a fully until the membrane is tightly stretched; then close the tap. 

Join the other balloon B uninflated to the other end of the glass tube. 

Open the tap. The vessel p becomes partly inflated and A less inflated. 
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This experiment shows a very important property of gases, in 
which they differ both from liquids and solids. A quantity of gas 
shut up in a vessel occupies all the space not filled by anything else, 
and if a second vessel containing no air be connected with the first 
the air spreads itself equally throughout both vessels, and presses 
against their walls. 

If the small balloon B above were connected with an inflated 
bicycle tyre instead of with the vessel A, it would probably be 
inflated to such an extent as to burst, because the air in the tyre 
is greatly compressed, and the pressure of the air that passes into 
the small balloon might be greater than it would bear. 


83. THE EXHAUST PUMP.—By making use of this fact, that 
a quantity of air expands so as to occupy all the available space, air 
can be pumped out of a closed vessel. The vessel 
that contains the air is connected with an empty one 
in which there is no air. Immediately some air 
leaves the full vessel and enters the empty one. 
Thus some of the air has been got out, and the pro- 
cess is repeated a number of times. The arrange- 
ment is effected by an exhaust pump, which is like 
the compression pump, except that the valves are 
differently arranged. 

Fig. 84 shows a section of a simple exhaust 
pump. 

The nozzle D is fitted on to the mouth of the 
vessel from which the air is to be pumped. The 
piston A is then pulled outwards. The pressure of 
the air in the vessel opens the valve c, and the lower 
part of the barrel B is occupied by the air that has 
Fig. 84.—A thus passed. The piston A is then pushed inwards. 
Simple Exhaust- The f th i in the 1 f th 
ig Ade Pamp pressure of the air in the lower part of the 

barrel opens the valve in A and closes that at c. 
Thus some of the air that was in the vessel is now outside. Each 
complete up-and-down stroke of the piston removes some of the air. 

Can the air all be got out in this way % 


Ex. 149.—Fit up an apparatus similar to that shown in fig. 65, but with a 
larger vessel, such as a bell jar, in place of the funnel. Lower the bell jar mouth 
downwards into a vessel containing water. Attach the exhaust pump to the tube, 
and pump out the air. Be careful that no water comes up into the pump. 


Fig. 85 shows a more elaborate air pump, with better-fitting 


« 
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valves than a cheap pump has. Its construction and action are 
exactly the same as described above. 

The pump is fixed to a stand, and the connecting tube passes 
from the pump along an arm that ends in a flat plate. On this 
plate stands a large glass vessel called a receiver. 

Ex. 150.—Grease the bottom of the receiver. Place on the plate a partly 


inflated toy balloon, and cover it with the receiver. Work the pump. What 
is the effect on the balloon?’ Why does it increase in size? 


Using such a pump we may learn something more of the action 
of air pumps. 

Suppose the volume of the 
receiver and connecting tube 
to be 8 times that of the barrel. 
When the piston is raised these 
8 volumes expand and become 
9, of which 8 remain in the 
receiver; when the piston is 
lowered, then ith of the air 
originally in the receiver has 
passed through the valve and a | 
Sths remain. The next stroke o—- , 


similarly takes away 3 of this __ Fig. 85.—A Fixed Air Pump with Receiver 


3, We a om there remains ° 
= sr Le. gy of the original quantity. ae next stroke removes 
z Of this $4, i.e. 4, and there remains $4 — .4, ie. £12 of the 
original quantity; and so on. . 
On examining the numbers it will be noticed that this law halds. 
Quantity left after 1st stroke ...... & of the original quantity. 

” ”? 2nd Pn a Po (3)? ” 99 

”» ” 3rd 2 ee ee Mets inde - (3) ” ” 
And generally, if a be the volume of the receiver and 0 of the barrel, 
the quantity left after the nth stroke of the piston = (— a 5) th of 


the original quantity. Since the quantity of air removed at each 
stroke of the piston is only a constant fractional part of what is 
actually present before the stroke, it follows that all the air can 
never be completely pumped out of the receiver. 


84. AIR HAS WEIGHT.—We know that windmills are turned 
by the wind, as watermills are by water; that heavy boats and ships 
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are driven along by the wind; and that sometimes trees and build- 
ings are blown down by it. This suggests that air, which behaves in 
many respects like water, may also possess weight. 

The direct way of ascertaining this is to weigh a large flask or 
globe, such as is shown in fig. 86, with air in it; to pump out the 
air, and to weigh the flask again. With such a globe, a good air 
pump, and a well-made balance, 
the weight of the air that fills 
the globe can be ascertained 
accurately. 

Ex. 151.—In the absence of a 
specially fitted globe, fit a large flask 
(fig. 87) with an indiarubber stopper 
through which there passes a glass 
tube, either provided with a tap, or 
lengthened by a piece of indiarubber 
tube that can be closed by a screw clip. 


The stopper must be air-tight and tied 
in position. 


AIR 


WATER 


Fig. 86 Fig. 87 
Globe Fitted for showing Weight of Air 


Connect the tube to the exhaust pump and pump out as much air as possible. 
Screw the clip up tightly, remove the flask and weigh it. 

Connect the tube to the compression pump, and force as much air as possible 
into the flask. Again weigh the flask. 


The difference between the two weights is due to the difference 
in the quantity of air in the flask on the two occasions. The 
difference will be less than 1 grm., and can only be measured by 
using a good balance. But the fact that there is a difference 
shows that air possesses weight. 
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| But all the air was not got out of the flask in the first operation. 
— With such a pump it could not all be got out. 

The air can nearly all be got out of the flask by sweeping it out 
by steam. Steam when cold condenses into water. 


Ge Ex. 152.—Take the flask used in the last experiment (fig. 87) and place in 
it a little water (about 50 cub. cm.), With the exit tube open boil the water. 
As the steam rushes out it carries air with it. When steam has been issuing for 
several minutes screw up the clip and quickly remove the heating flame. When 
the flask is cold weigh it with the accessories on an accurate balance. 

Open the screw clip; air rushes in, Again weigh the flask and accessories. 
The difference between the two weights (m grm.) is the weight of the air that 
rushed in. 

Find the volume (v,) of the water left in the flask, and the total capacity (v2) 
of the flask. 

Then a volume of air equal to (v, — v;) cub. cm. weighs m grm. 

Hence find the weight of 1 cub. cm. 

Example.—In an experiment the following values were obtained :— 


PUP pip a 


Difference between the weighings—.... rey .. ‘73 grm. @m) 
Volume of water left in the flask Be <j ... 75 cub. cm. (v% 
ym Total volume of the flask 3 is o ... 685 cub. em. (v2) 
*. 610 cub. cm. of air weighed... a Te .. ‘73 grm, 
And 1 cub. cm. weighed approximatel ta ... °0012 grm. 


It will be seen later that the mass of 1 cub. cm. of air varies 
according to its temperature and pressure. The correct value at 
standard pressure and temperature is ‘001293 grm. 

The weight of the air enclosed in the vessels in the experiments 
described in this chapter is thus very small, and it must be clearly 
understood that the pressure of the air enclosed in the vessels is 
not caused by its weight. The air enclosed may weigh very little, 
but the pressure it exercises may be very great, and the smaller the 
_ space it is caused to occupy the greater is the opposing pressure 
that it exerts. 

The cause of this pressure is explained in Art. 112. 

Ex. 153.—(1) Using the correct value given above, find the weight of a 


- litre of air, and of a cubic metre of air. 


(2) What is the weight of the air contained in a room 8 m. long, 5°5 m. wide, 
and 3°5 m. high? 


* 85. THE CARTESIAN DIVER.—The instrument shown in 
_ fig. 88 furnishes an instructive illustration of the pressure of gases 
and liquids, 
Take a glass bulb with a neck 2 or 3 cm. long. Wind fine wire 
_ round the neck until the bulb just floats in water with the mouth 
downward. This represents the diver. 


: aks - 
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Nearly fill a tall jar 
with water and place the 
diver in it. Cover the 
mouth of the jar with 
thin sheet indiarubber, 
so that it is air-tight. 

Gently press the in- 
diarubber; the diver de- 
: scends. Take off the 
—— pressure; the diver as- 
cends. Why? What is 
the effect of your pres- 
sure on the height of the 
water column in the neck 
of the diver, and there- 
fore of the weight of the 
diver ? 

Remember that your 
pressureon the membrane 
has caused the air to 
press more on the water. 

These suggestions 
should enable you to 


answer the above ques- 
Fig. 88.—The Cartesian Diver tion—Why q 


\ 
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CHAPTER IX 
Pressure of the Atmosphere 


86. We have shown that air has weight, is easily compressed, 
and expands of its own accord when the pressure on it is lessened. 
Now the earth is surrounded by a layer of air several miles high. 
Men who have ascended to great heights in balloons, or up very 
lofty mountains, such as those to the north of India, have found 
that the air extends upward as far as they have been, although its 
density there is much less than at the level of the sea. 

There are reasons for thinking that it extends upwards for a 
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distance of about 80 or 100 miles, so that we are living at the 
bottom of a deep ocean of air, the total weight of which is many 
millions of tons. . 

Now we know that in consequence of their weight, solids and 
liquids press upon any surface on which they rest. 

Does the atmosphere, owing to the fact that air has weight, press 
on the surface of the earth and on objects on that surface ? 

To answer this question make the following experiment :— 


Ex. 154.—Fit a thin metal can (fig. 89) with a good tightly fitting stopper. 
Instrument makers supply vessels for this purpose, but any ordinary workman's 
tin can will do if it does not leak. Remove the stopper; put about 80 or 100 
cub. cm. of water in the vessel, and boil the water for several minutes. 

Push in the stopper tightly, and at the same time remove the heating flame. 

Pour cold water on the vessel, or plunge it into cold water. What is the 
result? 


Some glass flasks are thin enough to be smashed in this way. 

The collapse of the vessel took place when the air was removed 
from the inside of it. If the air were re- 
moved from the inside of a house, the house 
would collapse in a similar manner. 

When a book rests on and presses on a 
table, the table supports the pressure. If 
you remove the table from under the book, 
the book falls to the ground. So long as 

the pressure of the book on the table is 
balanced by the back pressure of the table Pin gta tela r> 
on the book, it does not fall; but if you the Atmosphere 
remove this back pressure it does fall. 

Hence we see that the reason why the vessel when full of air 
did not collapse, but when empty of air did collapse, is that in the 
one case there is a back pressure which supports the sides of the tin, 
and in the other case this back pressure was removed so that there 
was nothing to resist the pressure on the other side. 

If the tin vessel containing air only had been corked up and 
lowered in water to a depth of 30 or 40 ft. it would have collapsed 
similarly, but if full of water it would not collapse. 

Thus at the surface of the earth there is a pressure due to the 
atmosphere similar to the pressure shown by experiments in Chap. 
VII to exist in water. 


Ex. 155.—(1) Fill an ordinary tumbler with water (quite full), On the top 
of it place a thin card or a piece of thick paper. Press the card to ensure that 


, 


ed 
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it touches the rim of the glass all round. See that no air is enclosed. Raise the 
turabler, and gently turn it about—sideways, bottom upwards, &c. (fig. 90). 
Why does the water not fall out? « 


all 
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Fig. 90.—A Card sup- ; 
ported by Atmospheric Fig. 91.—Columns of Water sup- 
3 Pressure ported by Atmospheric Pressure 


(2) Fill a tall measuring cylinder with water ; close the top by a card or glass 
plate ; holding the plate in position 
invert the cylinder, and place it mouth 
downwards in a shallow vessel con- 
taining water; remove the plate (fig. 
91). What is the behaviour of the 
water? Raise the cylinder a little 
from the bottom of the vessel. Why 
does the water not descend ? 

Repeat the experiment, using 4 
burette with one end closed by a clig 
or a tap. Open the clip a little 
Why does the water now descend? 

(3) Fig. 92 shows a bottle with 
three apertures closed by corks 
Through the two side corks smal 
stopped tubes are passed. Fill suet 
a bottle with water. Open the smal 
tubes. Explain why air passes in a 
the top hole and water out at th 
bottom hole. 


Figs. 93 and 94 illustrate two experiments showing effects 
the pressure of the atmosphere. They may be made with an a 
pump such as is shown in fig. 85. 

Ex. 156.—Take out the stopper from the receiver, and tie a flexible 
brane over the aperture. Put the receiver in position and pump out the air, 


Ex. 157.—Screw on to the plate of the air pump the bottom Magde 


: 
; 
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Fig. 94.— Magdeburg 
Fig. 93 Hemispheres 


hemisphere, and open its stopcock. Grease the rim of the top hemisphere © press 
it on the lower one with a turning motion. Pump out the air. Close the botton? 
tap, and unscrew the sphere from the plate. 

Endeavour to pull the hemispheres apart with a 
straight pull. 


87. USE OF THE PIPETTE.—The action 
illustrated in Exercise 155 is made use of in the 
pipette, which is a glass tube enlarged in the 
middle and drawn out to a fine point at the 
bottom (fig. 95). 

The lower end is placed in a liquid, and the 
air being sucked out at the other end, liquid 
rises in the tube. The upper end is then closed 
with the finger, and on the pipette being re- 
moved the liquid remains in it. © 

Pipettes are generally made so that when 
filled up to a mark on the stem they hold a 
convenient volume, such as 50 cub. cm. or 100 
cub. cm. 

_ Ex, 158.—(1) To use a pipette. Draw water,into it 
slightly above the mark. Remove it from the liquid. By 
slightly lessening the pressure of the finger allow water 
to fall out drop by drop until the level of the mark is 
reached. 

(2) By means of a pipette verify the graduations on a cylinder, Using the 


pipette as above, deliver into the cylinder an exact number of cubic centimetres 
«0 405) Ba. 


Vig. 95.—A Pipette 
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of water, and read the, level on the cylinder. Repeat the operation as far as the 
graduations extend. 

(3) Graduate an ungraduated cylinder. Gum a strip of millimetre paper on 
its outside; deliver water into it as before, and mark the quantities on the strip — 
of paper. 


88. THE BAROMETER.—Torricelli’s experiment. 
The pressure of the atmosphere and some of its effects having 
been demonstrated, we have now to show how that pressure is 
measured. 


Ex. 159,—(1) Take a glass tube of about } in. or 
8 mm. bore. A tube of larger bore may be used, but 
is more difficult to manage. The length of the tube 
should be about 90 cm. (36 
in.); it is useless if less 
than 76 cm. It must be 
open at one end and closed 
at the other. The tube 
should be quite clean and 
dry inside. It may be 
cleaned if necessary by 
passing down it small pieces 
of clean cotton wool tied to 
the end of a wire. 

This tube has to be 
filled with clean dry mer- 
cury. Warm a quantity of 
mercury and also the tube, 

Fix a_ small clean 
funnel to the open end of 
the tube by means of a 
short piece of indiarubber 
tubing, as illustrated in 
fig. 203. 

Pour some of the mer- 
cury into a small strong 

Fig. 96.—Filling a Barometer dish such as is shown in 

fig. 96, and fix the tube in 

a vertical position over this dish. Slowly pour mercury into the funnel until 
the tube is nearly full, within about 1 in. or 3 cm. of the top. 

Remove the funnel. Place the thumb firmly over the open end of the tube, 
and slowly invert it two or three times. The air bubble will thus be made to 
pass up and down the tube, and will collect any little bubbles of air that may be 
clinging to the glass. 

When these have been removed, complete the filling of the tube with mercury. 
Close the open end with the finger or thumb, taking care that no air bubble is 
shut in. Invert the tube (fig. 96), and set it upright in the dish of mercury, 
keeping the finger in position until it is well under the surface of the mercury in 
the dish. Gently remove the finger. Note the behaviour of the column of mercury. 
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Does the tube remain full? Measure the height of the mercury column from 
the level of the mercury in the 
dish. 
Whatever be the size, shape, 
height, or form of the tube, the 
difference in height between the 
upper and lower mercury surfaces 
is the same, about 76 cm., or 30 in. 

(2) What is there in the space 
in the tube above the mercury ? 
Incline the tube as in fig. 97. If 
the inclination be sufficient, the 
mercury will go quite to the top of 
the tube. This shows that there 
is nothing in the space above the 
mercury. Such a space is called 
& vacuum. 

Fix the tube in various in- Fig. 97.—Effect of Inclining a Barometer Tube 
clined positions, and measure the i. 
height between the surfaces of the mercury, Is it the same as when the tube Was, 
vertical ? 

If the tube be in a deep mercury cistern and be pushed straight downward it 
becomes full when the difference of level is about 76 cm., 
or 30 in., and if it be pushed lower than that remains full. 


89. THE U-TUBE BAROMETER.—Less 
mercury is required if the preceding experi- 
ment be arranged rather differently so as to 
avoid the use of the dish. 


Ex. 160.—To the long 90-cm. tube fix by india- 
rubber tubing another shorter one, as shown in the left- 
hand side of fig. 98, 

Proceed exactly as previously described to clean, dry, 
and fill the tube. When this has been done hold the 
long tube with your left hand, and grip the short tube 
with your right hand, the thumb or a finger of the right 
hand closing the end. 

Hold the tube with your right hand over a tray or 
dish, and bend the tube round so that it takes the posi- 
tion shown in the right-hand side of figs 98, 

Loosen the pressure of the thumb a little, and allow 
mercury to trickle out into a dish underneath it. Only 
small quantity will come out, the remainder standing 
ip in the tube as before. 

Fix the tube on a stand with both arms vertical, as 
n the right-hand side of fig. 98. 

Gently lower the open arm. What is the effect on 
he height of the column in the closed arm? Measure 


: Fig. 98.—Setting up a 
he difference of level between the two surfaces, U-tube Barometer 


(0405) Bb 
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Raise the open arm and repeat the measurement. Continue to raise it. Note- 
what occurs. 


A barometer attached to a board having a 
scale attached, as shown in fig. 99, should be kept 
permanently hung on the wall of the laboratory. 

The U-tube or siphon form of barometer is 
sometimes made entirely of glass, with a small 
cistern attached to the short arm. Such a tube 
must be filled in several steps, inclining it each 
time to allow mercury to enter and air to pass out. 


go. HEIGHT OF THE BAROMETER. 

A comparison of Exercise 160 with Exercises 
119 to 121 suggests that in Exercise 160 we have 
a light fluid balancing a heavy one. It makes 
no difference how high the open arm is. It may 
therefore be imagined to be many miles high, as 
high as the air extends. 

Then we have in Exercise 160 a U tube with 
the atmosphere and the short column of mercury 

Fig. 99.—A Simple 00 one side and the long column of mercury in 
Laboratory Barometer the other ? 
Why do we measure the difference in level of 
«the two mercury surfaces? What does this difference represent! 

This difference is called the barometric height or height of the 
barometer. 

Ex. 161.—Having set up a siphon barometer, attach to the open end the 
amall compression pump, and pump in a very little air. What is the effect on 
the barometric height? Using the exhaust pump similarly, pump a very little 
air out. What is the effect? 

It is found that the first of these effects follows if the barometer be taken 
down a deep mine, and the second effect follows if the barometer be taken up ¢ 


hill, What explanation can you give of this? These effects are called respec 
tively a rise and a fall of the barometer. 


On the top of very lofty mountains the barometric height is no’ 
more than about half its value at sea level. 
As air is very compressible, the bottom layers of the atmosphe 
pressed by the weight of those above are comparatively dense; a 
as one ascends each succeeding layer is less dense, because the p 
sure of the layers that are still above it continues to diminis 
(Compare fig. 66.) 
Fig. 100 shows graphically the height of a barometer at diffe! 
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distances above sea level. Thus at a height of 4000 m. the baro- 
meter stands at a height of 46 cm. Compare the other values 
given in the diagram. Note that the fall of the barometer is not 
proportional to the height above sea level. 
Also it is found that in the same 
place the barometric height varies from 
day today. This effect is generally due 
to changes in the amount of water é 
vapour present in the air (Chap. XXVI). 
Water vapour is lighter than air, and 
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Fig. 100.—Height of a Barometer at Different a 
Distances above Sea Level Fig. 101.—The Dial Barometer 


when a quantity of it comes into the atmosphere over any spot it 
drives some of the air away and takes its place. Hence the pres- 
sure of the atmosphere is lessened and the barometer falls, i.e. the 
barometric height becomes less. Thus a fall of the barometer at 
any place generally means that more water vapour is present in 
the air, and that it may probably rain. 

As the height of the barometer thus changes from day to day, 
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it is convenient to make an arrangement by which these variations 
may be easily seen. Fig. 101 shows how the rise and fall of the 
barometer is made to turn a hand round a dial. The mercury 
supports a float on which there is a rack whose teeth work in 
those of a pinion wheel. 

Since the barometric height varies from day to day and from 
place to place, one particular value has been selected and called 
the standard height. This is 760 mm. or 29°92 in. 


gt. VALUE OF THE ATMOSPHERIC PRESSURE.—Sup- 
pose the bore of a barometer tube is exactly 1 sq. cm. in area, 
and the height of the barometer column 76 cm. (the standard 
height), then the volume of the mercury is 76 cub. cm., which 
weighs 76 x 13°6 = 10336 grm. The standard atmospheric 
pressure is thus 1033°6 grm. per square centimetre, or 14:7 Ib. 
per square inch. It must be noticed at this stage that pressures are 
always expressed as so much weight on every wnit of area. 


Ex. 162.—(1) If a piece of leather attached to a string is soaked in water 
and pressed down upon a flat stone, the stone may be lifted by the string. Explain 
the reason of this. 

(2) The end of a glass tube is closed by a large apple forced on to it, so that 
the tube cuts into the apple. Air is pumped from the other end of the tube. 
What happens to the apple? Why? 

(3) Explain the action of the common syringe or water squirt. Why does it 
ill with water ? 

(4) Calculate the total weight of air that is pressing on 1 sq. Km. of the earth’s 
surface if the mercury barometer stands at 760 mm. 

(5) Explain why the size of the tube makes no difference in the height of the 
barometer. Compare Exercise 118. 

~ (6) Read the height of the barometer at the same hour every day for a week, 
and“make a graph showing the change of height from day to day. (On squared 
paper write under the successive vertical centimetre lines the names of the days 
of the week, and mark the height of the barometer each day on the vertical line 
by a dot. As the dots are added join each to the preceding one by a straight 
line.) 


92. PUMPS. 


Ex. 163.—Repeat Exercise 159, with water as the liquid instead of mercury 
What is the difference in the result? Why does the tube remain full of wa’ 
while the mercury fell to 30 in.?- Would the experiment succeed with a long tu 
supposing that the tube could be practically managed? About what length 
tube would you require? 


This experiment shows that the pressure of atmosphere will su 
port a tall column of water. A barometer in which water was, 
liquid must be about 33 ft. high. Hence, if the air is pumped 
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of the top of a pipe, the bottom of which is in water, the water is 
driven up the pipe to a height of about 33 ft. by the pressure of the 
atmosphere. This fact is made use of in the water pump. 
- The Common or Lift Pump. — Ex- 
amine a model of a common lift pump 
(fig. 102). 

_ Compare the model with the diagram 
of the exhausting air pump (fig. 84). 

The valves in 
such models are often 
small movable cones, 
which when on their 
seating press against 
the sides of the tube. 
Thus they fulfil the 
same function as 
those in fig. 84. In 
fig. 102 the piston 
has a hole through 
it, and the valve 
opens or blocks that 
passage according to 
the position of the 
valve. 

Ex. 164. — Work 
the pump slowly and 


watch its action. The Fig. 102 —Model of 
water in the vessel re- a Common Pump Fig. 103.—A Working Pump 
presents the water in 
the well. ‘he first upward stroke of the piston causes water to pass up the tube 
through the valve 5 (fig. 102) into the barrel. 

Why does the water rise ? 

The first downward stroke causes the water to pass through the valve c in the 
piston while 4 is closed. Why is the valve b closed during the downward stroke? 

Water is now above the piston, and at the next upward stroke the valve in the 
piston closes and water is lifted up and out of the spout. At the same time the 
valve b opens and more water comes up from the well. 
+ During the first upward stroke nothing was seen to issue from the spout. But 
something did issue. What was it? 


Fig. 103 shows the barrel and upper parts of a working pump, 
which acts in exactly the same way as the model. Compare them. 

The Force Pump.—Examine a model of a force pump, such as is 
shown in fig. 104. 
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The piston g is solid. There is a valve ¢ at the bottom of the 
barrel as in the lift pump, and just above ¢ a side tube D is inserted, 
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the bottom of which is 
closed by a valve f. Both 


valves open upwards. 


Ex. 165.— Work the pump — 


slowly and observe its action. 
The first upward stroke gives 
the same result as in the lift 
pump. On the first downward 
stroke the valve e (fig. 104) closes, 


and the pressure of the piston — 


forces the water through f into . — 
Each successive stroke forces — 


more water into b until it reaches 
the top and flows out into a cis- 
tern. 


Fig. 105 shows a com- 
mercial force pump in which 
the piston is a solid plunger. 
By such a pump water is 
forced up to great heights. 
When the water in the tube 
D reaches to a great height, 
it requires great force to 


Fig. 104.—Model of a Fig. 105.—A Working 
Force Pump Force Pump make the plunger descend. 
0 Why is this? 


Fluid Pressure 


93. In the previous chapter’ some acquaintance has been made 
with the main facts of fluid pressure, both liquid and gaseous. We 
have now to study one or two aantitative laws, and some further 
applications. The meaning of the word Jaw in physical science 
is not that of a decree which the substance must obey, but an 
expression of some regularity in its behaviour. 
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Liquids 

Ex. 166.—To ascertain the exact way in which the pressure of a liquid varies 
with the depth below the surface lower a mercury barometer into water. 

(1) If the barometer is set up in the form of fig. 96, place the cistern at the 
bottom of a deep vessel (empty), fix the tube upright, and tie a metre scale to the 
tube, so that the height of the mercury column may be read. Read the height 
carefully. 

Pour some water into the vessel until the mercury has risen about half a centi- 
metre; measure the depth of the water and the rise of the mercury. 

Add more water and take the two readings again. 

Continue thus in successive steps until the vessel is full of water. 

(2) If the barometer is of the form shown in fig. 98, fill the vessel with water 
first, and lower the barometer by successive steps until it reaches the bottom of 
the vessel. In this case the level of the mercury 
changes in both arms, and the measuring scale 
must be adjusted each time to get the correct 
height of the mercury column. 

With this form of tube, if the short arm be 
curved, it may be shown, as in Exercise 115, 
that the pressure measured acts in all directions. 

(3) Make a graph showing the relation be- 
tween the depth of the water and the increase 
of pressure registered by the barometer. 
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Such a graph is shown in fig. 106. 
It is a straight line, showing that the 
pressure is exactly proportional to the 


DEPTH OF WATER IN CM. 
re) 
ase 
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The graph also shows that the depth ae uehete om 
of the water is 13:6 times as great as |. 
see ; Fig. 106.—The Pressure in Water is 
the rise of the mercury. Mercury is Proportional to the Depth 
13°6 times as dense as water. Hence 
the height of a barometer in which water is used is 13°6 times 
that of the mercury barometer. 
Compare this experiment with Exercise 116. 
A column of mercury or other liquid ‘used in this way to 
measure pressure is called a manometer. 


94. THE MANOMETER OR PRESSURE GAUGE.—A com- 
mon form of manometer is a U tube containing a suitable liquid, 
usually mercury or water (fig. 107). If the liquid stands at different 
heights in the two arms, it is because the pressure on one surface is 
greater than on the other. The pressure at the bend of the tube 
must be the same in both directions. Hence the difference in level 
of the liquids is produced by the difference of pressure on the surfaces, 
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and this difference of level is proportional to and measures the excess 7 


of pressure on one surface above that on the other. It is often ex- 


Fig. 107.—Liquid Pres- 
e sure Measured by a 
Manometer 


pressed as so many inches or centimetres of 
mercury or water. | 


Ex. 167.—-(1) By means of indiarubber tube attach 
a manometer containing a considerable quantity of mer- 
cury to nozzles in the side of a deep vessel containing 
water (fig. 107). The difference between the mercury 
levels shows the pressure due to the depth of water in 
the vessel down to the nozzle used. Use the different 
nozzles in turn, and measure as before the pressure and 
the depth of the water. 

A comparison of the results of this experiment with 
those of the last show that the liquid presses horizon- 
tally to exactly the same amount as vertically. 


we ee ee ee Ve PP 


. 


3 
; 


(2) In the same way (if possible) measure the pressure — 


of the water in the laboratory pipes. Proceed cautiously, 
as the pressure may be too great for the manometer. Fix 
a stopper tightly in the open end of the manometer. Fill 
the indiarubber tube with water; join it to the nozzle of 
the water tap. Turn the tap slowly. If the mercury is 
forced rapidly round, turn the water off, and abandon the 
experiment. If the mercury does not move far, slightly 
loosen the stopper, and allow air to escape and the mer- 
cury to rise. If it is safe to do so, remove the stopper; 
and take the difference between the mercury levels. 


95. The pressure of the fluid in a vessel acts at any point on 
the wall of the vessel in a direction perpendicular to the wall, as 


indicated in fig. 108. 
And pressure applied to 


passed on instantly 
throughout the whole 
body of the liquid. 


shows an apparatus to illus- 
trate these facts. Fill the 
vessel with water and drive in 
the piston. The water squirts 
out from every nozzle along a 
radius of the spherical vessel. 

(2) Fill an ordinary elastic 
syringe with water, and press 


Fig. 109 with one finger in any posi- 


The Pressure of a Fluid is always Perpendicular to tion. Wherever the pressure 
the Walls of the Containing Vessel is applied, water is forced otit 


any part of a liquid is 


Ex. 168.—(1) Fig. 109 
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from the nozzle. Make a few small pinholes in different places. On squeezing 
the ball, the water spurts out of every hole. 


This transmission of pressure in all directions is a distinguishing 
character of all fluids—both liquids and gases. 


96. THE HYDRAULIC PRESS.—Fig. 110 shows a U tube with 
the diameter of one arm 4 times as great as that of the other, and 
therefore with the areas in the ratio of 
16 tol. If the small arm contains 1 litre 
of water, the larger contains 16 litres. 
If watertight pistons be fitted in the 
tubes weights may be placed on them, 
and 1 Kg. thus balances 16 Kg., 1000 
Kg. supports 16000 Kg. Such an ar- 
rangement is called a hydraulic press, 
and is used to obtain very great pres- 
sures or to raise very heavy weights. 

Instead of putting a weight on the 
smaller arm, water may be poured in, 
and the weight of this water acts in the GREE es 
Same way. Hydraulic Press 

It produces a pressure along the 
bottom tube of x grm. per square centimetre; this pressure is trans- 
mitted all through the liquid, and produces an upward pressur® 
of x grm. on every square centimetre of the larger piston. Hence, 
if this piston is large, the total upward pressure is very great. 


97. THE SIPHON.—An inverted /N tube, with one arm longer 
than the other, is often used to remove liquids from vessels. It is 
then called a siphon (sometimes spelled syphon). 


Fig. 111.—Action of the Siphon 


Ex. 169.—Take two beakers containing water and in them place the two 
ends of a siphon (fig. 111), which may be a tube of indiarubber or glass, 
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(1) With the siphon full of air place the beakers successively at different levels, 


as indicated at A, B, C in the figure. Is there any flow of water ? 


(2) Fill the siphon with water and repeat the operations. Cause the water to — 


flow into and out of either beaker. What determines the direction of the flow? 
Under what conditions (fig. B) does the flow stop? 


(3) Take a glass siphon with unequal arms, and study its action. Since the | 


water moves over the top bend there must be more pressure on a layer of liquid 
there in one direction than in the other. In which direction? Why? On each 
side of this layer there is a column of water—one longer than the other. The 
downward pressure of the longer column is greater than that of the shorter, 
and the two columns do not balance. Hence liquid passes out at the bottom of 
. the taller column. Why does other water pass up the shorter arm to take the 
place of that which flows out? 

How high could a water siphon be from. the bend to the higher liquid surface? 
How high a mercury siphon ? 


08. EXPLANATION OF UPTHRUST.—Consider a prism 


ACDB in the middle of a body of liquid (fig. © 


112). The liquid presses on the solid all 
each other. 


ward pressure equal to the weight of the 


On the top surface AB there is a down- | 


over. The horizontal pressures counteract — 


column of liquid NABN. On the bottom 
surface CD there is an upward pressure equal 


Vig. 112.Explanation of to the weight of the column of liquid NCDN. — 
the Upthrust of a Liquid The result is an upward pressure equal to- 
the weight of a column of liquid AcpB, which — 


is the quantity of liquid displaced by the solid. 


Gases 


99. Previous experiments have shown that a quantity of air 
enclosed in a vessel exercises a pressure on the walls of the vessel. — 


It must be fully realized that this pressure is not due to the weight 
of the air. It can rather be compared to the pressure of a spring. 
Indeed the term “spring of the air” used to be applied to this 
quality that gases possess. 

We have now to see how this elastic pressure may be measured, 
and how it changes when the volume of the air is caused to change. 


100. TRANSMISSION OF PRESSURE IN A GAS.—Every- 
one knows that if a hollow indiarubber ball be squeezed in any 


direction the air rushes out of any hole in it, wherever the hole 


may be. The air inside it transmits the pressure in all directions. 


an 
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Ex. 170.—The fact that it does so equally in all directions may be de- 
-monstrated by the apparatus shown in fig. 113. A little mercury is placed in 
; each: of the manometers attached to the bulb, On 
ki g in the piston the mercury rises to the same 
height in all the manometers. 


_ Ex. 171.—Measure the pressure of the gas supply. 
: Put some water in a manometer tube. To one end 
attach a piece of indiarubber tube. Attach the other 
end of the rubber tube to a nozzle of the gas supply. 
_ Measure the difference of level produced. 

The extra pressure of gas in town pipes over the 
_atmospheric pressure is generally equivalent to the 
pressure of an inch or two of water. Why is this 
extra pressure necessary? How is it “produced? 

If there be no gas supply imitate it by forcing air 
‘along a long glass tube by means of a small compres- 
sion pump. 


tor. BOYLE’S LAW. 


Ex. 172.—(1) Take a burette or graduated tube, 
and if both ends are open, 
close the larger end with a 
stopper. Attach a piece 
of rubber tube about a 
metre long to the smaller 
end, and into the other end 
of the rubber tube insert 
a length of straight glass 
tube (fig. 114). Clamp Fig. 113.—Transmission of 
each glass tube vertically Seeeene 1b a fae 

on a retort stand with the ° 

rubber connection lying on the table. You now have 
a U tube with one arm closed. 

Pour water into the open tube ab, loosening the 
stopper at the top of the burette if necessary to allow 
water to enter the burette until it stands a few inches 
up each arm, and then close the stopper tightly. 

Some air is now confined within the burette o. 

Raise the open tube, and if necessary pour more 
water into it. Note the decrease in the volume of 
the enclosed air as the movable arm of the U tube is 
raised, and its increase when this arm is lowered, 

What produces these changes of volume? 

Take two or three measurements of these quan- 

Fig 114.—A peste Boyle’s tities: —Volume of air; difference between water 
Tube levels, 
The readings show that the volume of air grows 
less as the level of the liquid in the open arm is higher, and greater when that 
el is lower. 
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Remember that the atmosphere is pressing on the liquid | 
surface in the open arm. | 

The pressure exercised by the enclosed air is equal to 
that of the atmosphere when the two liquid surfaces are 
level; greater than that of the atmosphere when the liquid 
in the closed arm is lower than that in the open arm; and 
less than that of the atmosphere when the liquid in the 
closed arm is higher than that in the open arm. 

(2) Close the stopper tightly and again raise the open 
arm of the U tube, so that the liquid stands as in fig. 114. 
On the surface of the open liquid at a there is the pressure 
of the atmosphere; at 6, in addition to the pressure of the 
atmosphere, there is the pressure of the liquid column ab, 
Measure the height ab. With what force must the enclosed 
air now be pressing on the surface B, which is level with b? 
The pressure of the air in © is equal to the pressure of a 
water column of what height? 


Ex. 173.—(1) We now proceed to a thore accurate form 
of apparatus (fig. 115) which is the same in all essential 
points as that of fig. 114. The slass tube that contains "the 
gas (the volume tube) is an accurately graduated burette, 
the liquid used is mercury, the pressure is varied by sliding 
the movable arm of the U tube up and down. 
To take an observation, arrange the movable arm so that 
the mercury is visible in both arms of the tube. From the 
graduations on the volume tube read the volume in cubic 
centimetres of the enclosed air v. On the millimetre scale 
read the levels of the two mercury surfaces in centimetres; 
subtract one reading from the other and thus obtain the 

Bs height of the mercury column A. 

Fig. 115.—Boyle’s Law Read the height 4 of the barometer. Call the pressure 

Apparatus of the enclosed air p. 
Record thus :— 


/ | 
Height of Difference of | Pressure, Volume of Air, Product, 


Barometer, H. Levels, h. ) H+ or -h=p. | v. px v. 
75°5 cm. 25°2 cm. 100‘7 cm. | 24°6 cub. cm. 2477 


Commence with the movable arm in its lowest position, and take several 
observations as above, raising the movable arm a few centimetres each step, until 
it is as high as it will go. 

In some cases, to obtain the pressure p, h must be added to 8; in some cases 
h must be subtracted from 4. Write down the rule showing when to add and 
when to subtract. 

(2) Make a graph showing the relation of p and 7. 
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The following is a set of observations, the volumes being measured 
- in cubic centimetres and the pressures in centimetres of mercury, 
through a range above and below itis pressure :— 


3804 | 3795 | 3800 | 3803 | 3800 


ot 


abssatiass Szezezeisi Hy 


Ssceausase 
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Fig. 116.—The Relation between Volume and Pressure of a Mass of Gas 


| They are set out in the graph above (fig. 116). It is observed 
_that the products of p by Vv are approximately the same. In a 
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perfect experiment they are exactly the same. The exercise should 
be repeated until the agreement is fairly close. | 
The fact that the pressure and volume multiplied together gives | 
always the same result is expressed by saying that the volume of a 
mass of gas varies inversely as the pressure to which it is sub-— 
jected. This is Boyle’s law. | 


102. DENSITY OF A GAS.—In Art. 63 we found the 
density of solids and liquids by finding the mass of a cubic centi- 
metre of the substances. 

In Exercise 152 was found the mass of a cubic centimetre of air. — 

Now we see that a cubic centimetre of air does not always con- 
tain the same quantity of air. When air is compressed, 1 cub. cm. 
contains more air than when it is rarefied. 

Also it will be shown later that the mass of 1 cub. cm. of air 
differs according to whether the air is hot or cold. 

Feence we cannot call the result of Exercise 152 simply the 
‘lensity of air. The correct statement is that the density of dry 
air at 760 mm. pressure at 0° C. temperature is 001293 grm. per 
cubic centimetre. 

Solids and liquids are not capable of being compressed as air is. 
By very great force some of them may be compressed to a small 
extent, but in all elementary operations they may be regarded as 
incompressible, so that 1 cub. cm. of a solid or liquid contains the 
same amount of material under the conditions of our present ex- 
periments. Solids, liquids, and gases all expand when heated, and 
their dersity then changes (Chap. XXVII). 

Hence, neglecting for the present changes due to heating, we 
see that gases present a great contrast to liquids and solids. The 
density of a gas increases or diminishes according to the pressure to 
which it is subjected; and Boyle’s law may be expressed thus: the 
density of a gas is proportional to its pressure. 


103. UPTHRUST OF AIR.—We are unable to make simple 
experiments, such as those in Chap. VII, to see whether the air 
exercises an upthrust on bodies immersed in it. But several com- 
monly known facts show that it does so. 

Balloons are made of thin material, filled with a gas that is 
lighter than air. They ascend, and can even carry weights. The 
air does then exercise an upthrust. Knowing the volume of a 
balloon and the mass of a cubic centimetre of air, we can calculate 
the weight of the air it displaces: and it is found that in order that 
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a balloon may ascend, the weight of the balloon and its load must 
not be greater than the weight of the air it displaces, which is what 
was found to be the case with water. 

A light balloon goes up high, but does not float on the top of 
the atmosphere, as wood floats on water. The atmosphere has no 
definite upper surface; it merely gets less and less dense at greater 
and greater heights. The increase of density downwards is produced 
by the pressure of the upper layers on the lower layers. Air being 
very easily compressible, this pressure has a great effect on it, so that 
the air near the surface of the earth is much denser than that a few 
thousand feet up. Fig. 66 gives an idea of the effect. -A balloon 
floats like the egg in that picture 
at a level where the air is just a. 
so dense that the mass of the \p AEE J 
balloon is equal to the mass of | 
the air it displaces. 

Soap bubbles blown with hy- 
drogen ascend like balloons. 

The smoke of chimneys as- 
eends for the same _ reason. 
Smoke is hot soot-laden air, which 
being less dense than cold air is 
forced upward by the upthrust 
of the heavier cold air around it. 

All bodies weigh less in air 
than in a vacuum owing to this Fig. 117.—The Baroscope 
upthrust. This may be proved * 
by means of the apparatus shown in fig. 117, called a baroscope. 
A small balance has a large globe made of light material on one 
arm and a small volume of heavy material on the other arm. In 
air the masses balance. 

The baroscope is put under the receiver of an air pump and 
some air pumped out. The larger body at once begins to sink, 
and as the pumping proceeds sinks gradually lower. 

If the large sphere exactly balanced the small weight when 

_in a vacuum, then in air the larger body would weigh less, exactly 
as a glass stopper was found to weigh less in water than in air. 


104. DENSITIES OF LIQUIDS.—On the above principles are 
based methods of determining densities of liquids. 


Ex. 174,—Fix a U tube upright on a stand. Such a tube may be made by 
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joining two straight glass tubes by indiarubber tube. It is convenient to have > 
a centimetre scale between the vertical arms. Pour in water until it stands not 
quite halfway up the tubes. With a pipette or thistle funnel gently pour some 
oil into one arm. Then the liquids stand as a and B in fig. 118, where © is the 
surface of the liquids in contact. 
ark the horizontal line cb. Measure the heights DE, CF. 

¢... if A is water the pressure of the column of water of height DE is equal to 

the pressure of the column of liquid of height or. 


* Densit ee ae DE 
= ensity of liquid a 


Add more liquid and make a second determination, and a third. 


Ex. 175.—If the two liquids are such as mix with each other, first put 
mercury in the bend pec, then put the liquids one in each arm in such quantities _ 
that the two mercury surfaces are on the horizontal line — 
cp. The measurement and calculation are then the same as — 
above. By this means find the density of a solution of salt — 
or copper sulphate in water. Make three determinations 
with the columns of different heights and take the mean of — 
the values obtained for the density of the solution. 


Ex. 176.—Proceeding in the 
same way, find the density of the 
foregoing liquids by a tube in the 
shape of a V. Not the slanting 
lengths but the vertical heights 
of the liquid columns must be 
measured, Why? 


Ex. 177.—Sometimes it is 
convenient to use a tube in the 
form of a W. 

Join together two U tubes 
with unequal arms, as in fig. 119, 
by a piece of indiarubber tube ce. 
Pour in the water A and the 

Fig. 118.—Determin- liquid B very gently, so that none 
ation of the Density of goes up into the bend ¢. They 
a Liquid by the U Tube take up levels, as shown in fig. Fig. 119.—The W Tube 

119. Then the upward pressure > 
at D is that produced by the atmosphere + the liquid column p’k; the upward 
pressure at 0 is that produced by the atmosphere + the liquid column o’r: and 
these upward pressures are equal to each other because they are each equal to 
the pressure of the air confined in the bend. Thus the relative density of liquid 


/ 
B (if A is water) is as before om 
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The apparatus shown in fig. 120 may be made from two straight 
glass tubes and a | tube connected by pieces of indiarubber tube. 


It is an inverted f) tube, and when used to determine densities is 
sometimes called Hare’s apparatus. 
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Ex. 178.—Fix the two vertical tubes upright, standing one in water the 
other in the liquid whose density is to be determined. 
Suck out some air through the 4 piece and then close this tube by a clip, 
Why do the columns of liquid rise in the tubes?’ What is the pressure at the 
top of the liquid columns? What at the bottom? 
The same considerations as those pointed out above show 
that the densities of the liquids are inversely proportional to 
the heights of the liquid columns, Note that the height of 
each column is to be measured from the surface of the liquid 
in its vessel. 


Ex. 179.—MiscetLanrous EXxerciszs. 

(1) From the work of previous exercises write down a 
list of all the methods of determining the density of (a) 
Solids, (b) liquids, (c) gases. 

(2) With the help of the table of densities on p. 408 cal- 
culate the height of a standard barometer in which the 
liquid was (a) water, (5) glycerine, (e) petroleum. 

(3) Calculate the density of each of the following mix- 
tures :— 


e 
10 cub. em. of alcohol and 20 cub. em. of water, 
15 cub. em. of turpentine and 25 cub. cm. of water. 
10 grm. of alcohol and 20 grm. of water. 
15 grm. of turpentine and 25 grm. of water. 
20 grm. of silver and 20 grm. of gold. 


(4) How far must a diving bell be sunk in water in order Fig. 120.—Hare’s 
that the air inside it may be doubled in density ? Apparatus 

(5) What will be the change in the volume of 100 cub. 
em. of air when the pressure on it is changed from 1030 to 900 grm. per square 
centimetre ? 

A quantity‘of air occupying 120 cub. cm. at ordinary atmospheric pressure is 
compressed into a space of 50 cub. cm. What is its pressure ? 

(6) On a day when the mercury in a barometer tube 80 cm. high stands at 
760 mm., some air is admitted above the mercury, which falls to 700 mm. What 
would be the true barometric height on another day when this barometer stands 
at 650 mm. ? 

(7) Calculate the weight of 200 cub. cm. of air which is under a pressure of 
200 mm. of mercury. 


PART III.—MECHANICS 


CHAPTER XI 


Matter and Force 


105. All the different kinds of stuff that we meet witheare 

neluded in one general term matter. Everything that can be e 
een or touched or tasted or smelled or weighed or measured is 
matter. So far as we have yet seen, the one property common to 
ll forms of matter is extension; matter in any form occupies space. 
3ut this fact does not furnish a convenient definition. 
We have seen that matter is met with in three different physical 
tates—solid, liquid, gas. Water is commonly known in all three 
tates—as ice, water, and steam, which are all the same in material 
wut differ in state. Air is known to most of us only in the form of 
gas, but air has been liquefied, and solidified. Iron is knpwn to 
aost of us only as a solid, but it has been liquefied, and vaporized 
turned into a gas). 

In fact, most of the substances we know can be changed from 
ne state to another by suitable means, usually heat or cold, com- 
ined with increase or diminution of pressure. 

There are other properties of matter which demand attention. 


106. Hardness is a property possessed by solids only, and by 
yem in different degrees. The diamond, glass, and some kinds 
E steel are very hard; gold and lead are comparatively soft. The 
st for hardness is the resistance which a body offers to being 
watched. Hardness cannot be definitely measured, but a scale 
ws been formed consisting of ten minerals of different degrees of 
urdness by means of which the relative hardness of solids may be 
mipared. The ten minerals are arranged in a numbered series 


om (1) the softest (tale) to (10) the hardest (diamond). Each one 
(0 405 ) 101 70 
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scratches all that come before it on the list, and can be scratched 
by all that follow it. : 

Hence the degree of hardness of any substance is determined by 
finding out the highest numbered mineral that it will scratch and. 
the lowest numbered mineral by which it can be scratched. 


Ex. 180.—By scratching one with the other, arrange the following substances 
‘1 order of hardness:—Tin, lead, zinc, the blade of a penknife, copper, pieces of 
glazed and unglazed crockery, flint, a piece of common window glass, any avail- ; 
able minerals. ; 


107. MALLEABILITY. | 
Ex. 181.—Hammer out a piece of copper wire and a small piece of lead into 
as thin a sheet as possible by even blows on a hard surface. Which substance 
can be worked into the thinnest plate? 


Malleability is the property by virtue of which some cold solids 
can be hammered or rolled out into thin sheets. Such solids yield 
to the action of pressure by changing their form, at the same time 
retaining their continuity. The following is the order of mallea 
bility for some of the metals: gold, silver, copper, tin, platinum, 

lead, zine, iron. The gold leaf used in gilding is extremely thit 
(-00001 cm.); copper-foil, tinfoil, platinum-foil are much used 
Lead is beaten out by plumbers into very varied shapes. Irot 
when cold is only slightly malleable. 
© The malleability of substances is greatly affected by heat, e.g 
hot iron is malleable. Metals hammered out in this way generall, 
become more dense; their particles besides being forced over on 
anothet are forced closer together. They become more brittle in th 
process, but they recover their malleability by annealing (Art. 179 
Some solids possess no malleability. If a piece of glass ¢ 
brick be struck it breaks up rather than changes its form. Suc 
substances are friable or brittle. 


108. PLASTICITY.—A plastic body is one which is capable | 
being moulded. Clay and wax are common examples of plastic su 
stances. Under pressure a plastic body does not break but yields, 
the same time preserving its continuity. Plasticity involves bo 
malleability and ductility. 

Most solids have a certain amount of plasticity. Thus mai 
metals when taken in the form of a rod may be bent into vari0 
shapes and do not spring back. The yielding of some cold bod 
occupies time—a steady pressure acting for a long time produci 
change of shape in some bodies which would be smashed by a ble 


Many metals become very plastic when red-hot, as also does 
glass. Two pieces can then be pressed together into one. 


tog. DUCTILITY is the property by virtue of which sub- 
stances can be drawn into fine wires; it involves both plasticity 
and tenacity, i.e. the power of resisting a pull (Art. 119). 

Wires are made by drawing rods of metal through holes in a 
steel plate. The process consists of several stages, the wire being 
drawn successively through smaller and smaller holes. 

Silver, gold, and platinum are the most ductile metals. Warm 
wax and hot glass are also ductile. 


tro. POROSITY. 


Ex. 182.—(1) Weigh a piece of brick; soak it in water; dry the outer sur- 
face; weigh again. What is the result? 

(2) Make a cone of filter paper and place it in a funnel; put some muddy 
water in the cone. What passes through the paper? . 

(8) Place an empty dry pot of unglazed earthenware and a glass cylinders 
mouth upwards, in water for several minutes. Note the difference in the be- 
haviour of these substances. 
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In these experiments water has passed 
through or into a solid substance, which 
‘appeared to be continuous. But through 
glass water will not pass. 

These results are not due to some special 
property of water. 
; Fig. 121 shows a cup of cane or wood 
fitted on to the top of the receiver of an air 
pump. The cup is filled with mercury. On 
exhausting the receiver the mercury falls in 
a fine shower into the beaker placed to receive 
it. What forces it through? 
__ Marble allows oil to pass into or through 
it, and some glazed pottery is penetrated by 
a strong solution of bichromate of potash. Fig. 121.—Mercury Per- 

The passage of one substance into another _ colating through Cane 
indicates that there are small channels between 
the particles of most solids. They are called pores. Some pores 
awe large enough to be seen, and are called sensible pores. But 
by pressure water has been forced through lead and iron in which 
10 pores are visible. Such very minute channels are called physical 
o0res, 

(0405 ) 


7b 


“A 


104 MECHANICS 


Liquids are also porous, as may be shown by the following 
experiment. j 


Ex. 183.—Place 10 or 20 cub. cm. of water in a burette; add an equal mea-— 
sured volume of alcohol and stir thoroughly. Read the volume of the mixture. 
Is it equal to the sum of the two separate volumes? 

The diminution of volume shows that there has been penetration of the par-— 
ticles of one liquid into spaces between the particles of the other. 3 


These experiments show that minute spaces exist between the 
parts of bodies which appear to us to be quite continuous. 


r11. DIVISIBILITY OF MATTER. — Ordinary experience 
shows that every piece of matter we meet with can be divided 
into smaller pieces. We generally deal with masses of considerable: 
size. Very small pieces are called particles. 

Ex. 184.—Pound a piece of brick to fragments. Examine the fragments: 
some are fairly large, some are dust. Continue pounding: the longer you keep 
on the smaller will the pieces be. 


Shoot the fragments into a beaker almost full of water, and watch the result. 
The largest pieces fall quickest ; smaller ones slower. But in time if the vessel 


- be not shaken all the fragments will reach the bottom. The particles that 


remained suspended for some time are very small. 


Ex. 185.—Examine with a magnifying glass the dust on a table. Some of 
the pieces are too small to be seen with the naked eye. Powerful microscopes 
show still smaller particles. 


_ Ex. 186.—Drop a crystal of permanganate of potash into a test tube con- 
taining water. The crystal dissolves, that is divides up into very small particles, 
which travel through the water and colour the whole mass. No microscope will 
show these particles. Heat the tube until the water has evaporated. The solid 
substance’ remains deposited on the glass. 


A piece of sugar by a similar process sweetens a large quantity 
of water. There are substances which, if 1 grm. be dissolved it 
70000 grm. of water, can be detected by tasting a very small frag 
ment of a gramme. 

When one scents an odour it is by means of very small particle 
that reach the nose. A grain of musk will scent a very large volum 
of air, showing that the grain must have divided itself up into al 
immense number of particles. 

The above and similar experiences show that matter is extremel 
divisible. But there are other experiences which lead to the cot 
clusion that there is for every substance a certain size of particl 
which is the smallest that can exist. These smallest possib 
particles are called molecules. The different kinds of substances- 
iron, water, &c.—are different in density, because the molecules ai 
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different. The molecules of different substances are built up of 
still smaller particles called atoms. If the molecules of a substance 
are broken up into atoms the substance ceases to exist: other 
substances are formed. This takes place in electrolysis (Art.374). 


112 MOTION OF MOLECULES.—Experiments with liquids 
and gases such as those described above and in Art. 82, and many 
others of a like character, also show that the molecules of liquids 
and gases are always moving about. In gases this movement is 
very rapid. A flask of gas must be thought of as consisting of 
millions of molecules flying rapidly about in all directions. They 
hit the sides of the flask and rebound. It is this motion which 
produces the pressure of a gas. 


Force 


113. It is not easy to grasp the full scientific meaning oé the 
term force. The following illustrations, and similar suitable experi-e 
ments, if thought over, will help to form a working idea. 


(1) If two persons pull at the ends of a rope in opposition to each other they 
are each exercising force. One person may pull the other along, or, as sometimes 
happens in such a “tug of war”, for a time no motion may take place. But the 
exercise of force takes place in either case, and there is a characteristic sensation 
aroused by its exercise. 

The force in action is muscular force, which most animals possess the capacit? 
_of exercising. 

(2) Lift up a heavy mass from the floor and hold it suspended. You have the 
same sensation of exercising force, and of force being exercised againsteyou. The 
muscular force is opposed by a non-personal force called the force of gravitation, 
which the earth exerts on the mass of matter. 

(3) Pull off the keeper from a horseshoe permanent magnet (Art.306) or an 
excited electromagnet (Art. 307). In this case muscular force is acting against an 
opposing force called magnetic force. Pieces of iron or steel, when in the special 

condition which is described by saying that they are magnetized, attract or pull 
each other. 

(4) Pull or push a large mass along a table. In this case the opposing force 
is caused by friction between the body and the table due to the roughness of the 
surfaces. When an engine pulls a train along at a steady speed, or a horse draws 
a cart, the opposing force is of this nature. 

+ (5) Pull steadily a piece of thread until it breaks; pull a string fixed to a peg; 
push against a solid wall. In these cases the opposing force is that due to 
cohesion between the particles of the substance against which the muscular force 
is exercised. It is the force of cohesion that holds solids and to some extent 
liquids together. The particles of gases show no cohesion under ordinary con- 
ditions, 

(6) Suspend a heavy mass by a long string. Push the mass horizontally with 
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the finger. Again resistance is felt. The opposing force is that due to the 


of the body moved. 4 
(7) Pull or push against a spring; press a ball inflated with air. The opposing 
force is that due to the elasticity of the substance. } 


These illustrations of the different agencies that manifest force 
are those with which we are here mainly concerned, and from them 
some idea may be formed of the meaning of the term force in 
physical science. 

(a) Force is not a thing. The muscles of animals can exercise it. 
But there are many other means by which it is exercised—gravi- 
tation, cohesion, friction, magnetic action, &c. These are sometime 
called natural forces or forces of nature. E 

(b) In each of the foregoing experiments, when you were exer- 
cising muscular force on a mass of matter, another force was being 
exercised against you. Forces always act in pairs. When their 
directions are away from each other, thus ~——, they produce a 
tension, as in the case when a string is pulled at the two ends. 
When their directions are towards each other, thus — —, a pressure 
is produced, as when a book lies on a table, or as was the case in 
many of the experiments in hydrostatics. ; 

(c) In some of the above experiments motion resulted from the 
action of the forces. : 

In other experiments there was no visible motion of the whol 
hody, but in those cases the effect of the action of the forces was 
to produce a change in the shape or volume of the body acted 
on. Such a change is called a strain or deformation, and the 
special term stress is often applied to forces that produce a strain, 

In some of the experiments there was during part of the time 
a strain, and during part of the time motion. 


Thus we see that there are two effects—motion and strain—thal 
may be brought about by force, and nothing else but force can produc 
these two effects. Hence force has been defined as “muscular exer 
tion, and whatever else is capable of producing the same effects”. 
It is more usually defined as that which produces or tends to produc 
motion of matter. It might also be defined as that which by it 
action on bodies produces a strain. 

That part of Mechanics which deals with motion as the resul 
of force is called Dynamics: that part which deals with forces whic 
produce strains only is called Statics. 


lLodge, Mechanics, 
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_ x14. UNIT OF FORCE.—Just as the measurement of volume, 
mass, &c., consists in choosing a certain volume, mass, &c., as 
@ unit, and comparing other volumes, masses, &c., with that unit, 
so we have to choose some amount of force, call it the unit of force, 
and measure other forces by comparison with that unit. 

Now the commonest force that we are concerned with is the 
force of gravitation, and it has been agreed that for practical pur- 
poses the unit of force shall be the pull which the earth exercises 
on a cubic centimetre of water; that is, the weight of one gramme. 

This is called the gravitation unit of force. 


Ex. 187.—Hold up a gramme weight by a thread, and feel the pull of the 
earth on it. That pull is the unit of force. Hold up a 100-grm. weight in a 
similar way. The force which you are now exerting is 100 units, 100 grm. 
weight. In whatever way the force is produced it is of the same character, and 
is measured in the same way. 


115. MEASUREMENT OF FORCE. — An instrument elsed 
to measure forces is called a dynamometer. Such 
an instrument—the spring balance—was employed 
in Chap. III to compare masses, because the only 
simple way open to us to compare masses was to 
compare their weights, ie. the force of attraction 
between them and the earth. 


EX. 188.—To graduate a dynamometer. 
__ A useful form for preliminary work may be made from a 
piece of indiarubber cord. Fig. 122 shows one that is easily 
made. The cord is fixed at one end, either to a board or by 
a loop on a hook. A scale pan is hung to a loop on the other 
end of the cord. Behind and parallel to the cord is fixed a 
millimetre scale. Two points are marked, one on each end of 
the cord, either by tying a thread loosely round it or by stick- 
ing @ fine needle into it at those points. 

_ The distance between these marks changes when weights are 
placed in the pan. 

(1) Ensure that the cord is quite straight. If the weight 
of the pan is insufficient to straighten it, place some shot or 
dry sand in the pan. 

Record the positions of both marked points on the milli- 
metre scale. The distance between these marks is the piece of 
the cord that we are concerned with. 

Weigh the pan and its contents on a balance. Record the 4 
weight. In using the dynamometer afterwards the pan must Fig. 199.—A Cord 
always weigh this amount. Dynamometer 

- weights on the pan sufficient to stretch it a few 
millimetres, Record the weights thus added and the length of the cord between 
she points. 
ff 
Py 
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Add more weights, and again record the weight and the length. ) 

Continue thus to add weights and to measure length step by step. It is 
better to add the same weight (5, 10, or 20 grammes, according to the thickness — 
of the cord) each time. Do not proceed far enough to injure the cord. ; 

Take off the weights in successive steps as before, and take the readings back- © 
ward. To get the extension that corresponds to any weight take the mean of the : 
ascending and corresponding descending reading. If there is much difference — 
you have strained the indiarubber, and rendered it for the time at any rate useless. — 

Set out the readings of the weights, and the amounts by which the cord was — 
stretched, as in the following table, which is a set of observations :— 


“a 


a nn a re 


| : } 
| Tension of cord, in grammes... ... | 12°4 | 22°4 | 32°4| 42°4| 52°4| 62:4) 724 
=a WN aE ss ea a Ea Wt Py OES SE z 
| Extension of cord, in millimetres... | 9°5. | 19 | 29 40 | 51°5| 64 | 795 
fo ee ee eee 
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Fig. 123.—Calibration Curves of Dynamometers 


These are set out in a graph (fig. 123) and give the line AB. 

The fact that the line is not quite straight shows that the extension of the 
cord was not exactly proportional to the tension of the cord. 

(2) Set your results out on a similar graph, 


Such a curve is called a calibration curve, and when it is one 
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made it may be used to measure any 
force (within the limits of the curve) 
that may be applied to the dynamo- 
meter. Thus, referring to the graph 
AB above, suppose the cord to be 
pulled until its length has increased 
by 60 mm. The curve crosses the 
60-mm. vertical line at the point cor- 
responding to 59°5 grm., which is 
therefore the force applied. 

What force would extend this cord 
by 35 mm.? by 45 mm.? 


116. THE SPRING BALANCE. 
—A more reliable dynamometer may 
be made from a steel spring, mounted, 
as shown in figs. 124 and 125. : 


Ex. 189.—Make a set of observations on 
aspring. The process of graduating it and 
the method of using it are precisely the same 
as with the cord dynamometer in the preced- 
ing exercise. 


The following is a set of observa- Fig. 124 Me 1. 
tions taken on a spring :— Spring Balances (Rintoul’s form) 


Tension on spring. in osm I» | | | a 
weight oe 10 | 20 | 30 40 50 60 70 90 


ee eee ee 


20 | 25°5 | 32°5| 38°5| 44:2) 57°5 


Extension of spring, in milli- 
metres HI 6 


These are also set out in fig. 123, and give the line cp which 
is practically straight, showing that the extension of the spring 
was proportional to the force applied. 

What is the force that would extend the abeve spring by 60 mm. ? 

Forces that extenc the spring of the dynamometer by an equal 
amount are equal, whatever the agency that produces them. The 
reading of the dynamometer tells us to how many grammes weight 
the force is equivalent. 

We proceed to a further acquaintance with the forces dis- 
tinguished in Art. 113 


110 MECHANICS 


117. THE FORCE OF GRAVITATION. — The earth pulls 
all objects towards itself, just as the magnet pulled the soft iron, 
It is this pull which causes bodies to have weight, which keeps 
bodies down on or close to the earth, which holds the sea in its 
bed and the rivers in theirs, which holds the atmosphere in its 
place, which brings down the rain, which holds the moon in its 
course. 

The force of gravitation, the cause of which is unknown, is not 
only exercised by the earth, but also by all the ordinary objects _ 
which we daily meet with. Every piece of matter whether large 
or small attracts and is attracted by every other piece of matter. 
There is a pull between them of precisely the same kind as that 
between the earth and a lump of iron. The lump of iron pulls the 
earth just as the earth pulls it, and pulls every other object round 
it in the same way. The strength of the pull depends on the 
quantity of matter that the objects contain and on their distance 
apart. The pull between the earth and the moon is very strong, 
because the earth and moon are both very massive bodies. The 
pull between the earth and a cricket ball is much less, because 
the mass of the ball is less than the mass of the moon. The pull 
between two lumps of iron standing side by side is very much 
smaller still, because both the bodies are of small mass. On the 
other hand, the pull between the sun and the earth is very great 
fn spite of their long distance apart, because the sun is a body 
of immense size and mass, and the earth is large. 

The pull exerted by the earth on a mass of matter is not quite 
the same all over its surface. A 1000-grm. weight is a little lighter 
at the equator than it is in London. If a spring balance were 
loaded in London with such a mass, and a mark made on the scale: 
and if the same spring balance and the same mass were carried te 
the equator, it would require the addition of 3:15 grm. to bring the 

spring down to the same mark. The quantity of stuff—the mass— 
contained in the lump of metal has not changed. But the pull o 
the earth is not the same, and the dynamometer registers this pull 
Hence it is quite clear that the mass of a body is not the sam 
as its weight. The reason for this difference is that at the equato 
the surface of the earth is farther away from its centre than th 
surface at London, the earth being not quite a sphere. 

In all previous experiments in which a spring balance was use 
for weighing, the gravitation force between the earth and the bod 
“weighed” was being measured. 


¥ 
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Ex. 190.—Measure in grammes weight the force of attrac- 
tion between a magnet and its keeper. 

Attach a dynamometer to the keeper of a magnet (fig. 126). 
Fix the magnet firmly, and see that the line of pull of the 
dynamometer is at right angles to the end faces of the magnet. 
Pull steadily until the keeper leaves the magnet. Take several 
readings of the dynamometer, and find their mean. 

Place a piece of paper between the magnet and the keeper, 
and again find the mean attractive force. 

Increase the thickness of the paper layer, and repeat the 
observations. 


The readings show that the force of attraction 
between a magnet and its keeper diminishes as the 
distance between them increases. 

The gravitation force of attraction between the 
earth and pieces of matter diminishes in the same 
way when the distance between them increases. This 
is the reason why a body does not weigh the same 
at places on the earth’s surface which are at different 
distances from its centre. 


— «19. FORCE OF COHESION.—It is the force 
of cohesion that holds bodies together When the 
molecules are very close to each other they attract 
one another. When a solid is ground into smaller 
pieces, the force of cohesion between these pieces has 
been overcome and the pieces separated. It still pigsiog—sea. 
holds together the particles that make up the sepa- surement of the 
rate pieces. On the other hand, some substances in ‘oree Of Mas: 
a state of fine powder, such as graphite, when com- 
pressed with great force become a solid mass that can be sawn up. 
Tf a flat clean surface be scraped on two pieces of lead, and the 
two faces be pressed hard together with a screwing motion, the 
two pieces cohere and become one. 

The force of cohesion is different in amount in different bodies. 
A tenacious body is one in which it is very great. 


¢ 


Ex. 191.—To compare the tenacities of wires. 

(1) Pass a piece of fine iron wire through a hole in a fixed peg, and wind the 
Wire several times round the peg, or clamp the wire in such a way as to grip it 
tightly. Attach a spring balance to the other end of the wire, and gently increase 
the pull on the wire, taking readings of the dynamometer as the process proceeds, 
At a certain value of the stress, the force of cohesion is overcome, and the wire 
breaks, Note the force just before breakage occurs, 


nd 
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(2) The experiment may be done by utilizing the force of gravitation to over- 
come the force of cohesion. Hang the wire from a support, as in fig. 127; put a 
scale pan on the end of it; add weights in the pan until the wire breaks. The 
scale pan should be close to the floor, or a table. Note the breaking weight. 

(3) The tenacities of different metals may be compared by finding the breaking 
stress of wires of the same diameter. Repeat the experiment with a piece of 
wire of a different material, such as copper, of the same diameter as the iron wire. 

Then the tenacities of the two wires are in the ratio of the breaking forces. 

(4) The measure of the tenacity of a wire is the value of the breaking force 
divided by the sectional area of the wire. Find the diameters of the wires used, 
calculate their sectional area, and determine the value of the tenacity in grammes 
per square centimetre. 


The cohesion of solids is greatly affected by heat. 


Ex, 192.—Suspend a piece of wire of the same kind as that used in the last 
exercise. Stretch it by a weight less than the breaking weight. Heat the wire 
by a flame. It breaks, showing that the tenacity has been diminished. 


Liquids also show cohesion. 
€ 


Ex. 193.—Dip a glass rod into water, and on withdrawing it examine the 
formation of drops on the end of the rod. Repeat with a test-tube, in place of 
- the rod. Draw the shapes of the drops at different stages of their formation. 


120. ELASTICITY.—When force is applied to a body in such 
a way as to produce a strain (Art. 113), the body exercises an 
opposing force that resists change. Moreover, on the removal of 
the stress, many substances return to their original condition. 
{his power of recovery is called elasticity. 

The elasticity of air has been demonstrated in Chap. VIII, and 
that of ipdiarubber and of a steel spring in Arts. 115 and 116. 

All bodies resist an effort to change their volume, i.e. possess 
elasticity of volume. Elasticity of shape or figure is possessed by solids 
only, many of which return completely or partially to their original 
shape when the stress that deforms them is removed. 

If there were a solid which did not change its shape at all when 
force was applied to it, this body would be perfectly rigid. No solid 
is perfectly rigid: all are more or less so; comparatively, the less 
change they undergo under the same force, the more rigid they are. 

Bodies which on the removal of the stress which is deforming 
them return completely to their original volume or shape are called 
perfectly elastic. With regard to elasticity of volume all gases and 
liquids are perfectly elastic. Many solids are perfectly elastic 
within certain limits, ie. if the force applied to them be not too 
great the removal of the stress is followed by complete disappear- 
ance of the strain. Glass and steel are such bodies. But if the 
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; ES “hal = * 
orce applied be greater than a certain amount calle 
mit they do not recover, : 


Some solids, on the other hand, such as putty, clay, and dough. 


© not recover their shape even when the strain is small: they are 
led inelastic. 


Ex. 194,—(1) Drop a glass or steel ball on @ stone slab, 
ebounds, gradually diminishing in height. 
Consider what took place at the moment 
tennis ball during its contact with a wal’ against which it is thrown? A similar 
ffect is produced on the glass ball at the moment of contact with the slab, 

© Drop a lead ball on the slab; examine the place of contact on the ball. Is it 
lightly flattened ? 


- (2) Smear a very thin lay 
ferent heights, and examin 
Of different sizes? 


8 


d the elastic 


Note the many 


cf contact. What is the effect on 


er of paste on the slab: drop the glass ball from 
e the places of contact on the Slab. Are the spots 


_ These experiments show that the glass 
Dall is flattened at the place of contact by the 
force of the blow, and that the rebound js 
Produced by the instantaneous return of the 
deformed ball to its spherical shape. 

This is the ordinary behaviour of an elastic 
solid when subjected to force. It js deformed 
by the force, but returns to its original 
form when the force is removed. 


~ Ex, 195.—To compare the elasticity and ductility 


wires. Make the following experiment with each of 
‘two wires of the same length and diameter, but of 


Fix one end of the wire securely to a firm hook or 
fin the ceiling or wall of the room. Mark a point 

ihe bottom of the wire. Attach a scale pan to the 
om of the wire. Fix a millimetre scale on or close 
de the wire (fig. 127). Measure the length of wire 
n to the marked point. 
‘lace weights (m grm.) in the pan sufficient to 
teh the wire by about 1 mm. 
tead very carefully the elongation and the weight. Vig. 127.—Comparison of 

ngation is small, and may be measured more of RE and Ductility 
ately if a vernier is fastened to the wire.) 
sontinue to add weights, m grm. at a time, and 
asure the elongation at each stage until the wire breaks. 

fa, € a graph showing the relation between the elongation and the stretching 


(0495 g 


= 


ee ee 
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Such a graph is shown in fig. 128. The graph is divided into 
two parts, OA and AB. 
The part OA is practically straight, and the elongation is small. 


During this part of the experiment the stretching was within the 
elastic limits, and the graph 
shows that the elongation / was 
proportional to the stress F. 
This rule is called Hooke’s Law. 
From the readings taken in this 


FREES 
Aus SERRE EUEER part of the curve, find the mean 
+ et Tt ae value of F = 1 for each wire. 


These numbers are the compara- 
tive measures of the elasticity. 
Stress:Force C D The part aB of the curve 


Fig. 128.—The Extension of a Wire by Force rises rapidly. During this period 
, of the experiment the elastic 


limit was exceeded; the wire was being drawn out, and ductility 
comes into play. The measure of the ductility is the ratio between 
OD, the stress required to break the wire, and 00, the stress when 
the wire began to draw. Find the value of OD + OC. 

The britileness of the wire is measured by the ratio OC + OD. 
Find the values of each of the above ratios for the two wires, and 
thus compare their elasticity, ductility, and brittleness. 

9 


i121. ELASTICITY 
OF BEAMS. 


Ex. 196.—(1) Support a thir 
flexible lath, such as a metr 
scale, near each end on a knife 
edge (fig. 129). From its centr 
suspend a scale pan, and at th 
centre fix a needle (by wax), § 
that the needle point is near th 
graduation marks of a vertic 
scale. 

Read the position (a) of tt 
needle on the vertical scale, 

Place a weight w in the ps 
sufficient to bend the lath, a1 
read the position (6) of theneed’ 

Then the deflection of t 
beam produced by a weight 
is the difference between a and 
Fig. 129.—Defiection of a Loaded Beam Take several observations 


© Strain: Elongation 
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the same kind with different weights, and record weight and deflection in two 
columns. Do not load the bar too heavily, 

(2) Make a graph showing how the deflection varies with the load. The 
graph is a straight line, showing that the deflection is directly proportional to the 
load. Compare with Exercise 195, on the elasticity of a wire. 


Ex. 197.—Using the same apparatus, make another set of observations, keep- 
ing the load the same throughout. Observe the length of the beam, ie. the 
distance between the knife-edges, and the deflection produced by the load. 

Take a series of readings with different lengths of beam, recording the deflec- 
tion and length of beam, and make a graph showing how the deflection varies 
with the length of span. 


The result shows that a small difference in the span corresponds 
to a large difference in the deflection. No simple law can be 
obtained from these observations. 

The amount of bending of a lath loaded at one end may be 
obtained by clamping one end and placing the load and scale at 
the other end. 

The investigation of the elasticity of beams is of great Value 
in connection with the building of houses and bridges, the beams * 
and girders in which must never be strained beyond the limits 
of elasticity. 


122. FRICTION. 


Ex. 198.—(1) Upon an accurately planed and level board place a smooth 
block of wood having a dynamometer attached to it, as shown in fig. 130. Its, 
mass may be adjusted to any desired value by placing a weight on the block, 


Cimare ti«*S SJ 


Fig. 130.—Measurement of Friction 


Pull the dynamometer slowly until the block begins to move, and draw it 
along the board slowly and steadily. Note the dynamometer during the process, 
It shows that the force increases to a certain amount, and then diminishes, 
Record (a) the highest reading just as the mass begins to move, and (b) the 
reading when the block is in steady motion. Repeat several times, using the 

‘same face of the block and the same part of the board. Take the mean of the 
(a) readings and also of the (6) readings, The results show that the force of 
friction is greater before the body moves than when it is in motion, 

The mean value of the (a) readings is the limiting force of friction for the 
substances used: it is the highest value that the friction can attain for those 
bodies. The mean value of the (5) readings is the value of the sliding friction. 

(2) Repeat the observations on a sheet of smooth glazed paper and on a plate 
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of glass, finding for these substances the limiting force of friction and the value 
of the sliding friction. 


These experiments show that friction is a surface effect varying 
with the nature of the surfaces in contact; that it gives rise to 
a force parallel to the surfaces in contact which opposes any motion 
of one surface along the other; that for any two surfaces it cannot 
exceed a certain value; and that it is greater when the surfaces are 
at rest than when one is moving over the other. 


Ex. 199.—To find the effect of the area of the rubbing surfaces. Place a 
load upon the block, and by drawing it along the board several times, find the 
value of the sliding friction when its whole surface is rubbing. 

Using the same load, allow the block to overlap the edge of the board, so that 
only part of its surface is rubbing. Find as before the mean value of the sliding 
friction. | 

A comparison of the values shows that the area of contact does not affect the 
amount of the friction. | 


Ex. 200.—To find how the force of friction depends on the pressure between 
<the surfaces. Weigh the sliding block (W grm.). Taking the mean of several 
observations, find the value of the force of sliding friction (F grm.). 

Find the ratio fe ee 

W pressure 

Place a weight upon the block so as to increase W, the total pressure between 
the surfaces. Again find the value of F, the sliding friction, as before, and the 
ratio F + W. 

Place in this way various weights on the block, and for each obtain the value 
éi F + W. : 

Make a table of the values and a graph. 


The zesults may not be very concordant unless the work has 
been carefully done. But a straight line best represents the results, 
_showing that the friction is proportional to the pressure. Find the 


f 


mean value of “ given by the graph. 


This is the coefficient of friction for the two surfaces concerned. 
: 


Ex. 201.—To find the coefficient of friction by an inclined plane (fig. 162) 
Prop up one end of the board, until at a certain height the mass just begi 
to slide down the plane. Find the tangent of the angle which the plane ma : 
with the horizontal when sliding begins (Art. 26). . 

Make several determinations of this tangent, and take their mean. 
mean value is the coefficient of friction, and should be the same as that o 
in the last exercise, if the same board and block of wood have been used. 


123. INTERNAL FRICTION OF A LIQUID. —It is 
times difficult to decide whether a substance is a solid or a 


\ 


s 
\ 
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. tallow candle resting horizontally on two supports remains 
orizontal, but in time a stick of sealing wax bends. Pitch, which 
‘very hard, flows under pressure. However hard a substance 
lay be, if the application of a small force steadily for a long 
me causes it to flow, the substance must be classed as a fluid, 
The different layers of a fluid can slide over one another just 
$ one solid slides over another. In so doing they experience an 
pposing force due to friction. In some liquids, such as treacle, 
itch, honey, this friction is great. When the surface of such 
quids is disturbed from the horizontal, it is some time before 
orizontality is again attained. Such liquids are specially called 
mscous. But all fluids exhibit the property of viscosity more 
r less. 


, Ex. 202.—By means of a glass tube blow a smal 
f a vessel containing water, and a vessel containi 
tes at which the bubbles ascend. Glycerine is m 


1 bubble of air to the bottom 
ng glycerine. Compare the 
uch more viscous than eater. 


a “ ee 
_ The suspension of mud in water, and of the clouds in the air, 


$ due to the viscosity of the water and the air. The small particles 
Suspension fall, but fall very slowly 


EX. 203.—To compare the viscosities of liquids. By indiarubber tube attach 
@ pipette a long capillary tube. Place a measured quantity of water (20 or 
ub. cm.) in the pipette, and put the capillary tube horizontal, Measure the 
Me taken by the water to flow through the capillary tube. ° 
‘Repeat the experiment in exactly the same manner with the same volume of 
hol, or a mixture of glycerine and water. Then the viscosities of the two 


mds are proportional to the times of flow. : 


124. We are now in a position,to take a wider view of the 
perties which are common to and the properties which distin. 
Sh the three states of matter. Matter may be defined as that 
ch is capable of being moved by force. All the forms of matter 
Sess mass, weight, extension, and divisibility. Solids do not 


v, they are more or less rigid: liquids and gases flow, they are 
'Yigid. In solids the force of cohesion is great, in liquids small, 


gases have practically none. Solids are almost incompressible, 
ids are only slightly compressible, gases are very easily com- 
sible. Such qualities as hardness and _ brittleness belong to 


re 
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CHAPTER XII 


Relations between Forces in Equilibrium 


125. TRANSMISSION OF FORCE.—When we pull a piece 
of thread until it breaks, the breakage often occurs at some point 
distant from the ends where the force is applied. 

When we move a mass by pushing at it with a long stick, the 
force is applied at one end of the stick and its result appears at 
the other end. 

This process is called the transmission of force. When a string 
is transmitting a force it is in tension, and the amount of tension 
means the pull along it measured in units of force. A rod may 
be in tension in the same way. 

A rod can also transmit a pressure; a string cannot do so. 

» In Chap. X it was shown that one of the principal properties 
of fluids was the transmission of pressure in all directions equally, 
so that pressure applied to any part of it may produce motion 0% 
strain at any other part of the vessel or machine that contains it. 

The place at which a force is considered as acting is called its 
point of application. 


~ 126. EQUILIBRIUM OF FORCES.—A body on which force: 
are acting, but which nevertheless does not move, is sometimes sai 
to be in equilibrium. The term is also applied to forces. A body 
cannot wemain at rest under the action of one force, but may de 
so under the action of two or more forces. If two or more force 
act on the same body at the same time and keep the body at rest 
the forces are said to be in equilibrium. 


127. DESCRIPTION OF A FORCE.—In order to avoid com 
plications at this stage, the forces about to be considered ar 
disposed so as to act on a very small body: they are considere 
then as acting at a point. 

It is obvious that every pull or push must be in some definit 
direction. Thus to fully describe a force there must be state 
its amount, its direction, and its point of application. 

Forces may be represented on paper by straight lines, for a lit 
can always be drawn in any given direction, starting from am 
given point, and its length may contain as many units as tl 
force contained units of force. 

This graphic method of dealing with forces is of great use. 
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128. FORCES ACTING IN ONE LINE. 


___ Ex. 204,.—Tie three strings together 
at a point (p in fig. 131), and attach the 
other ends of the strings to three spring 
balances. 

Fix one spring balance c, and pull the 
_ other two so that the strings pa and ps 
gree the same straight lin@as cp. Hold 
oe B steadily or-fixthem, and read all 
- the dynamometers. 

Call the readings of a, B, and ¢ respec- 
tively a, }, and ec. Compare a + 4 with ¢ 
for several pulls of different values. 


~The experiment shows that forces 
_ may be added or subtracted, and 
_ that when a number of forces act- 
ing ir one straight line keep a point 
in equilibrium the sum of the forces 
acting in one direction is equal to 
the sum of those acting in the 
Opposite direction. 


‘129. THE PARALLELOGRAM 
“OF FORCES. 


) Ex. 205.—Using the same apparatus 
as in the last exercise, make a small angle : ; oa 
_- between the strings ap and Bp. Take the Nig. 131.—Three Forces in Equilibrium 
readings, and compare a + b with c. 
Increase the angle aps, and again compare a + 6 with c. 2 
Make the angle aps = 2 right angles, and ADo = 1 right angle. 
What is the reading c? 


From this experiment We see that when three forces are acting 
0n a point and maintain that point in equilibrium— 

(a) If no two of the forces are in a straight line the sum of any 
two of them is greater than the third. (What geometrical pro- 
position does this suggest?) 

; (5) The amounts of the forces depend on their inclination to 
each other. 
Ex. 206.—(1) Using the same apparatus, fix a sheet of paper under the 


Strings. Make the angle ADB (fig. 131) about 30°. Fix the spring balances ; 
mark accurately on the paper the line of the three strings, and read the forces 
a, b, ¢. 

Remove the paper, and complete the drawing as in fig. 132. From p along 
the line Da mark off a distance pe whose length is a units. Similarly, along pp 
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a length DF = b units; and along pc a length pH = ¢ units. On the lines DE, 
pF thus obtained complete the parallelogram pFcE. Measure the diagonal DG, 
and compare the number of units of length it contains with the force ¢, repre- 
sented by the line DH. 

(2) Repeat the experiment for two or three different values of the angle EDF, 
for each one making a parallelogram as above, and comparing the length of the 
diagonal through D with the length of the line representing the third force. 


The results show that the diagonal of the 
parallelogram drawn as indicated is a con- 
tinuation of the line of action of the third 
force; and contains the same number of 
units of length as the third force contains 
units of force. 

Now, since the point D was kept in equi- 
librium by the three forces, a, 6, and ¢, the 
combined effect of a and } must have been 
equal and opposite to c. This combined 
effect is called their resultant, the two forces 

a and 0 themselves being called the com- 
ponents. The resultant of a and 6 must 
therefore be equal and opposite to ¢. But 
the diagonal DG comes out in the same 
straight line as D and equal in length to DH. 
Therefore the diagonal DG represents the 
resultant of the two forces a and 0. 

This principle is called the parallelo- 
gram of forces, and may be stated in general 
language thus: 

If two forces acting’ at a point be re- 
presented in magnitude and direction by 
two straight lines which form two adjacent 


C sides of a parallelogram, then their result- 
fig. 1922S Paralictogram ant is represented in magnitude and direc- 
of Forces tion by the diagonal of the parallelogram 


which passes through the point. 

This important experiment should be done in various ways. 
Fig. 133 shows three weights connected to strings, two of which 
pass over pulleys on a board. The three forces thus arranged are 
the three weights which are known. The board is placed verti 
cally, and the line taken by the strings is marked as before. The 
point corresponding to D in the previous figure is the point where 
the lines of the strings meet. | : 


ot 
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y a: 
F-Ex. 207.—Demonstrate the parallelogram of forces by means of the apparatus 
hown in fig. 133. Tap the board to ensure that the pulleys do not stick. If 
aie pans are used to hold the weights, the weight of the pans must be included 
= “In the forces. 
AVN | | ay Mark the lines of the 
eT TTT AT gliadin 
1 Hilih angles between them by a 
protractor, draw a large 
figure like fig. 132, and 
measure the lengths. 


Ex. 208.—(1) Find the 
resultant of the following 


| 
i A 


pairs of forces ;— 
E G 
= 

\ | = * 
; 6 

| \ p F 
4 4 units 
- Fig. 132.—Three Forces in Equili}rium Fig. 134. 

q _ (i) 4 units and 5 units acting at an angle of 90° (fig. 134). 
& The answer may also be obtained by calculation— 

; (pe)? = 47452 = 41. 3». ne = 6-4. . 


~ 


~ (ii) 45 grm. and 90 grm. at right angles, 
(iii) 4 units and 5 units acting at an angle of 60°. Measure the angles accu. 
.. rately with a protractor. Make a large figure. 
{iv) 90 grm. and 90 grm. acting at an angle of 120° with each other. 
id : 


(2) Is it possible for a point to remain at rest under the action of — 


(4) Three forces of 8 grm., 13 grm., 5 grm.? a <2) {2,, 
(2) Three forces of 8 grm., 13 grm, 4 grm.? 5? & 


3) A picture weighing 3 Kg. is hung by a single string passing over a nail. 
wo parts of the string make an angle of 60° with each other. Find the tension 
he string. 

The resultant is 3000 grm.: the two equal components act along the strings. ] 
4) The resultant of two forces is 6 Ib., and the sum of the two forces is 9 Ib, 
resultant is at right angles to the smaller force. Find the components, 

Jraw « figure. If x and y are the two components, then # + y = 9, and 
—o = 7°.) ‘ 


(30. TRIANGLE OF FORCES 
K 209.—(1) Seb up the apparatus shown in fig. 131 or fig. 1338. Obtain 


i 
+ 


1 
* . a 
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equilibrium of the three forces, and record their values. Read the three angles, 
or mark the direction of the strings accurately on the paper. 
Set out the observations on paper, obtain- 
F 4 ing the three lines DE, DF, DH on the left-hand 
side of fig. 135, each in the right direction and 
of the right length. Mark the directions in 
which the forces were acting by arrows. 
At the side of this figure draw a triangle 
(fig. 135), proceeding in this way :—Fix a 
Cc. point D. Draw DE parallel to DE, and in 
the direction in which the force a was acting, 
E as shown by the arrow. Cut off DE of length 
a units. This fixes the point Z. From & 
a similarly draw EF parallel to DF, of length 
D representing 6, and in the direction in which 
b was acting. Thus the point F is deter- 
mined. From F draw a line FD parallel tc 
DH in the direction in which the force ¢ wa 
acting, and containing ¢ units of length 
Then if the whole of the work has beet 
accurately done, this line closes the triangl 
DEF. 
: : (2) Repeat the experiment with differen 
Fig. 135.—The Triangle of Forces angles and forces. For each experiment mak 
the above construction. It is an excellen 


exercise in accurate measurement. 
Ex. 2410.—On paper draw a triangle FED of any shape. Measure the length 


, ‘of the sides a, 6, c. Arrange three spring balances as in Exercise 205, to giv 


three pulls of respective values a, b, c. Mark the directions of the strings, am 


make a triangle as in the last exercise. 
Measrre the angles of this second triangle, and compare them with those + 


the triangle FED with which you started. 


Exercises 209 and 210 demonstrate the principle of the triang) 
of forces, which may be thus stated :— 

When three forces acting at a point are in equilibrium the 
can be represented in magnitude and direction by the sides | 
a triangle taken in order: or, When three forces acting at 
point can be represented by the sides of a triangle taken | 
order the forces are in equilibrium. 


Ex. 211.—(1) Suspend a mass of 100 grm. from a dynamometer attached 
a vertical board. 
Attach another dynamometer to the mass and pull it horizontally along t 
board. 
Read the dynamometers, and mark the angles between the forces. From t 
readings verify the triangle of forces. 
(2) Tf a mass of 40 grm. is suspended by a string, what horizontal force appli 
to the mass will cause the string to make an angle of 30° with the vertical? 


; te file.” 
AY 
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ala (3) Find the resultant of two forces of 45 units and 25 units acting at an angle 
of 60° with each other, 


131. POLYGON OF FORCES.—The methods and principles 
enunciated above may be applied to any number of forces, 


Ex. 212.—By means D 
of strings passing over 
pulleys, as in fig. 133, or 
by spring balances, as in 
fig. 131, find the relation 
between five forces which 
act at a point and keep 
that point in equilibrium. 
Having recorded the forces 
and the angles between 
the springs proceed as 
follows :— 

Example. — Forces of 
120 grm., 160 grm., 200 
grm., 100 grm., and an un- 
known x grm., acting at 
angles shown in the upper 
part of fig. 136, kept the 
point A in equilibrium. 
Find the resultant x. 

The line aF is produced 
to Q, and in it a point a is 

- taken. 

The line a, making an 
angle of 105° with ag, is 
parallel to aB; the length 
@ is taken = 120 units, 

From 6 similarly be is 
drawn parallel to ac, and 
of length = 160 units. 

Tn the same way from 
¢, the line cd is drawn, re- 
presenting the force p; and 
from d the line de, repre- Fig. 136.—The Polygon of Forces 
senting the force x, 

The point ¢ comes on the line ag, thus making a closed figure. 

The length ew corresponds to 235 units, which is the value of the resultant 
force x. 


; 


The principle of the polygon of forces is thus stated :-— 
If any number of forces act at a point so as to keep that 


point in equilibrium, they may be represented in magnitude and 
irection by the sides of a polygon taken in order, 
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Ex, 213.—-Forces of 3, 4, and 5 Kg. act on a point: the angles between their 
lines of direction are each 120°, and all the forces act away from the point. 
Find the direction and magnitude of the fourth force, which is necessary to 


keep the point at rest. 


132. PARALLEL FORCES. 


Ex. 214.—(1) By means of a thread passing over a pulley suspend a uniform 
bar, such as a metre scale, from its central point. Counterpoise the weight of the 
bar as shown in fig. 137, and adjust it so that it stands horizontally. 

On the bar hang two weights a, b, 
and add a weight c to the counterpoise 
sufficient to keep the bar in equilibrium. 
When it is accurately adjusted read the 
values of a, b, and c. 

Compare ¢ with a + 6. 

The points P, @, R being the points 
of application of the forces, compare 
the ratios % and ©°. 

b PQ 

(2) Repeat the experiment with 
different values of the forces a, 8, ©, 
keeping the arms PQ, RQ unchanged. 

For each experiment compare ¢ with 
a + b, and find the value of the above 
ratios. 

(3) Alter the lengths of the arms PX 
and Rr@; take a similar set of observa 
tions, and make the same comparisons 

(4) Make a similar set. of experi 
ments with the rod lying on a table (n 
counterpoise being therefore required 
the forces a, b, c being applied by dy 
namometers. Stops must be placed t 
keep the bar from rotating entirely ov 


Fig. 137.—Parallel Forces of position. ' 


The results of these experiments show that when two paralk 
forces a and } act on a body in the same direction, the body ma 
be kept in equilibrium by a third force ¢, which acts parallel 1 
the other two and in the opposite direction; that the third for 
is equal to the sum of the other two forces; and that its poit 
of application is at a distance « from that of the first componet 
and y from that of the second component, such that @ X @ : 
bX Y. 

Ex. 215.—Repeat Exercise 214 with three weights hanging from th 


e be 
and as before compare the sum of all the downward pulls with the value of t 
apward pull. | 


z 
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-216.—(1) Support a heavy bar horizontally by means of two spring 
ces. Take their readings in different positions along the bar, 
_ The sum of the readings is always equal to the weight of the bar, 

_ (2) Hang weights in various positions, and record the downward pulls in one 
olumn and the upward pulls in another, remembering the weight of the bar, 
~ Compare the readings in the two columns, = 

(3) By the method of the previous exercise calculate the 
f a single force d, which would be equivalent to the pul 
“and the same for a force e, which would be equivalent 

és 


position and magnitude 
Is of the dynamometers ; 
to the weights. Then 


32a. COUPLE. 


a FX 217.—On a board 


pivot a bar AB (fig. 138) by a pin C through its centre, 
Arrange four stops, m, » 


' P, q So that the bar can only rotate through a small 


Ss 
~ 
& 
a 


Fig. 138.—A Couple 


arallel forces are to be applied to the bar either by spring balances, or bye 
S passing over pulleys, as in the previous exercises, 

Spring balances are used, place two at points p, z, as shown in the figure, 
distances from C, and apply force to each. 

he bar is pulled round against the stops. Make the pulls of the dynamometers 

and fix them. 

vo equal parallel forces are being applied to the bar, both tending to turn 

the same direction. Such a pair of forces is called a couple. 

3y means of a third spring balance endeavour to bring the bar away from 

stops. Try various positions. Can the bar be brought back into the central 

between the stops? 

se a fourth spring balance to assist the third. Positio 


ns for the dynamometers 
ow be found, which will enable the bar to be brou 


ght back to the central 


hen that is done read the values of the forces and the distances between the 
airs of dynamometers. Record thus:— 


SSeS err 


Pull. | Length of Arm. | Product. 


Se eeeisiiaeniinesinientieence 


1st dynamometer 
3rd dynamometer 
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The experiment shows that a couple can only be counteracted 


by another couple. 


Ex, 218.—(1) Find the value and position of the resultant of two forces of 
50 grm. and 40 grm. applied at the ends of, and at right angles to, a rod 90 cm. 
long. . 
(2) The resultant of two parallel forces that are acting at the ends of a bar 5 ft. 


long is 20 Ib., and it acts at a point 1 ft. from one end of the bar, Find the 


component forces. 
(3) Ona rod, whose weight may be neglected, two men carry a weight of 80 Kg. 


The weight is 1‘5 m. from the shoulder of one man and 2°5 m. from the other. 
Find the weight borne by each man. 

(4) A couple, each force of which is 150 grm., acts on 4 rod at 
apart. Find another couple which will keep the rod in equilibrium. 


points 2 m. 


CHAPTER XIII 
Centre of Gravity 


133. The weight of a body is in all cases equal to the sum of 
the weights of its parts, whether the parts into which it be divided 
are few or many. ‘ 

This fact shows that the pull of the earth 
is exerted on every particle of a body, whether 
it is whole or ground to powder. Hence wé 
can think of this pull as consisting of a multi 
tude of parallel forces, directed towards the 
earth’s centre (fig. 139). 

But we saw (Art. 132) that a number 0 
parallel forces are equivalent to one force act 
ing at a certain point. Hence any object ma 
be supported by a force acting ata certain point 


Oo 


he | 
ae 


UH 


+ 


j 
Mf, 


Fig. 139.—Centre of 
Gravity 


Ex. 219.—Balance common objects on the top of one finger, or on the hea 


of a screw fixed into a block of wood. 
(i) A uniform rod. Where is the support? _. 
(ii) A rod heavier at one end than the other.” To which end is the suppe 


nearer ? 
(iii) Thin plates. If made of glass, the position of the point of support mt 
be seen. Where is the support required for a circular plate? a squa 


plate? a rectangular plate? 


Each of these objects should be thought of as a collection | 
many particles of which each has the same mass. Each partit 
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is pulled vertically downwards by the earth, but they are held 
together by the force of cohesion, The finger supplied an upward 
force of the correct amount and in the correct position to counter- 
act all these downward forces. The position of the finger thus 
indicates the position of their resultant (fig. 139), which is called 
the centre of gravity or mass centre of the body. When the 
centre of gravity of a rigid body is supported the whole body 
is supported. 


Ex. 220.—To find the position of the centre of 
WN gravity of a thin uniform plate. 

(1) Take a piece of cardboard having three holes 
near its edge. Hang it by a thread from a hook, and 
on the same hook hang a plumb bob (fig. 140). When 
both are hanging freely, mark by some dots the line of 
the plumb bob on 
the plate. Hang 
the plate up from 
each hole in turn, 
and mark the ver- 
tical lines similarly, 

Remove the 
plate: draw the 
lines __ accurately. 

Fig. 140.—Determination Do they pass Fig. 141.—Position of the Centre of 
of Centre of Gravity through one point? Gravity of a Triangle 
Support the card 
on the head of a nail, and test whether this point is the centre of gravity, ° 
~ (2) Do this for a circle, a parallelogram, a triangle, a hexagon, a semicircle, 

In the case of the rectilineal figures draw lines through the centre of gravity 
to each of the angles of the figure, and endeavour to find the geometrical position 
of the centre of gravity. 

_ The triangle needs special notice. Fig. 141 shows the result. Measure how 
far the centre of gravity is up each of the bisecting lines of the triangle. 


134. If the bodies are not uniform 
the centre of gravity is not at the centre 
of figure. 


EX. 221.—(1) Find the centre of gravity of 
a rod of which one end is weighted so as to be 
heavier than the other. 
f1(2) Weigh a plate whose centre of gravity c 
1a8 been found (mass M grm.). Mark the posi- 
ion of its centre of gravity (A in fig. 142), 

Weigh also a coin or metal disk (mass m 
Tm. ). Gum the disk on to the plate, marking the 
osition (B) of the centre of gravity of the disk. Fig. 142,—Mass-centre of a Loaded 
‘ind the centre of gravity (0) of this weighted plate. Plate 


> 


(a) 


128 MECHANICS 


Is c on the line AB? 

Measure the distances Bo and AC, and find their ratio. Compare this ratio | 
with the ratio of M to m. 

(3) Place unequal weights at the angles of a tr 
point, and find the position of the centre of gravity 0 


iangular plate supported on a 
f the body thus formed. 


135. In the previous experiments the plates were supposed to 
be so thin that their thickness was neglected. 

The centre of gravity of a thick plate is midway between the 
two faces; of a rod, on its central axis; of a sphere, at its centre; 
of a cube, at the point of intersection of its diagonals. 

The position of the centre of gravity of a triangular pyramid is 
illustrated in fig. 143. The point D is the centre of gravity of one 


B Ka 
Fig. 143. Mass-centre She So hen 


of its faces, and if the pyramid were cut into slices parallel to thi 
face, the centre of gravity of all the slices would be in the line Di 
Similarly © being the centre of gravity of another face, the centt 
of gravity of the whole solid is in the line EB. Therefore th 
centre of gravity of the pyramid is at G, where BE and AD interse¢ 
The geometry of the figure shows that DG = 4DA. 

Any pyramid may be divided into triangular pyramids, so th 
the result applies to all pyramids. Also a cone is a pyramid wi 
many sides. Thus the centre of gravity of a cone and of a pyram 
is one-fourth of the distance from the centre of gravity of the ba 
to the apex of the solid. 

The practical determination of the centre of gravity of an irreg 
lar solid might be found in the same way, as illustrated in fig. 14 
but is too complicated an operation for a laboratory exercise. 


ie 


= _ CENTRE OF GRAVITY 


a chair, 
empty 
centre 


Of course, to support the body 


er position shown, a rod has 
be fastened to the horseshoe 
3 


Fig. 145. — Mass- 
centre outside the 


i Mass Itself 
Ex 222.—(1) Where is the centre of gravity of a wire 


at into the following shapes—a circle ? 
(2) Where is the centre of gravity of a 
137. STABILITY. 

Ex , 223.—(1) Take a circ 


& square? a rectangle? a triangle ? 
hollow sphere? a hollow cylinder? 


ular disk of cardboard and mark the position ¢ of 


» turn the card into various positions, It 


and with G vertically above a. W 
@ card in this position is said to be i 


7 , and if disturbed it returns 
S position. For this condition what are the relative positions of G and a? 


MIS position is that of stable equilibrium. 

(2) Repeat the experiment with plates of other shapes, 
_ These experiments show that w 
point, in order that it may be i 
Tavity must be vertically benea 


hen a body is suspended from 
n stable equilibrium its centre 
th the point of suspension. 

e of gravity when it can do so 


tt has been seen that the centr 


nds 0 descend and to occupy the lowest point possible. 
~ Fig. 146 illustrates this principle, when the body i&§ not sus- 
ded but is supported from below. 


nc nt 
Fig. 146,—Unstable and Stable Equilibrium 
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Fig. 147 shows how a pin may be made to stand upon its point. 


Why does it stand thus? 


Ex. 224.—Build a leaning tower of cubes sym- 
as indicated in fig. 148. At each step note 


metrically, 
e centre of gravity of the tower 


the position of th 


LS ma MTATTTTMAMTANTM MTT MTT | 
gM TAT AV AULA DALLAS SAA tinea | 


Fig. 148.—The Vertics 
through the Centre « 
Gravity must fall withi 
the Base 


Fig. 147.—Centre of Gravity below the Point of 
Suspension 


(1 cube at A, 2 cubes at B, 8 cubes at ©, &c.), and where the vertical line throug 


the centre of gravity falls. 


The tower will stand (is stable) so long as the vertical throug 
the centre of gravity falls within its base. It cannot stand if tk 
vertical through the centre of gravity does not fall within the bas 


Ex. 225.—(1) A cylinder or tub is rolled along a flat surface. Does t 
motion change the height of its centre of gravity? What is its condition of eq 


librium? Make sketches of a cylinder in positions of stable and unstable eq 


librium. 
(2) Make a sketch of a cone in the positions of the three states of equilibriu 


_ (8) Why cannot a man who is carrying a heavy mass by one hand rem: 
upright ? 

(4) Why cannot you pic 

with your heels in contact with a wall? 


k an object off the floor in front of you when stand 
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CHAPTER XIV 


Elementary Machines in Eguilibrium 


138. A machine is a contrivance by means of which force 
exerted at one point is made to overcome an opposing force exerted 
at another point, and the arrangement of its parts is generally such 
that a small force exerted by a man or an engine overcomes a larger 
Opposing force. When this is the case the machine is said to give 
a mechanical advantage. 

The force that is applied to a machine is called the effort or 
force: it used to be called the power. The force that is overcome 
is called the resistance or load: it was formerly called the weight 

The mechanical advantage of a machine is the ratio 


7” _- Resistance Load 
ree ee gp One 
€* Effort Force 


Z 

Complicated machines are combinations of certain simple ma- 
chines often called ‘the mechanical powers. 

The mechanical powers are the lever, the inclined plane, the 
wedge, the wheel and axle, the pulley, and the screw. . 
~ In actual working machines the mechanical advantage is di- 
minished by friction and by the weight of the parts. In a first 
simple treatment the complications produced by these agencies 
must be neglected. Hence in the following experiments care 
should be taken to eliminate as far as possible the effect of friction, 
and to use light apparatus. 


139. THE LEVER: THE PRINCIPLE OF MOMENTS.— 
The lever with equal arms was briefly studied in the exercises 
m the balance. We now have to examine the lever further. It 
$ an apparatus that is in common use in various forms. In its 
implest form it consists of a straight bar which turns upon a fixed 
oint called the fulerum. 

€ effort is applied at some point of the bar and the resistance 
/ some other point. 
There are three orders of lever, as illustrated in figs. 149, 150, 
Tn a lever of the first order (fig. 149) the fulerum ig placed 
tween the effort P and the resistance W 
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In a lever of the second order (fig. 150) the resistance is between 
the effort and the fulcrum. 


A ¢ 
ies. ; 


Fig. 149 : | 


QO 
el Et i ih 


Fig. 150 Fig. 151 
The Three Orders of Levers 


In a lever of the third order (fig: 151) the effort is appliec 


between the fulerum and the resistance. | 
A lever has two arms, viz.: the perpendicular distance of th 


‘ 
Fig. 152.—Use of a Fulcrum 


line of action of the effort from the fulcrum; and the perpendiculd 
distance of the line of action of the resistance from the fulcrum, : 
indicated in fig. 152, which illustrat 
the action of a lever of the first ord 
in the common operation of raising 
mass of stone. | 


Ex. 226.—Support a uniform rod at 
centre of gravity as in fig. 28, or as in fig. 1 
If the rod does not stand quite horizontal 
weight the lighter end. * 
uw Take two unequal but known masses, eit! 
,-mambers of shot, as in Exercise 51, or t 
‘ weights, such as a 50-grm. and a 20-1 
weight, and suspend them by threads from 
arms of the lever. Put the lighter wei 
nearly at the end of its arm, and move 
heavier along its arm until the lever stands h 


Fig. 153.—Principle of Moments 
applied to the Lever zontal, Measure the two arms accurately, — 
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e the lighter weight one or two centimetres towards the fulcrum, and 

e another similar reading, 

Do this for several positions, and record thus: — 


waaiee = Length of Product, Smaller Length of 


Product, 
Arm, D. W x D. Weight, w. Arin, d. w x d. | 
50 grm. 20 grm. 40 cm. 800 | 
yi Mane 96.5, 700 
a0? see tee ; 
2 ¥ i 


_ Compare the product W x D with the product w x d line by line. Then add 
Ip each zt (to lessen probable error), and compare the totals. 
> The products in columns 3 and 6—of force by distance of force from fulcrum— 
are called the turning moments, or simply moments of the forces round the 
ecrum. 
_ The moment of a force round a point is the product of the for 
endicu'ar distance of its hne of action from the point. 
Calling the smaller force w the effort, and the larger force W the resistance or 


ad, what is the relation between the moment of the effort and the moment of 
} Tesistance when a lever is in equilibrium ? 
a 


ce into the per- 


Ss 


* 


to turn the lever round in the same 
he hands of a clock travel are described 
moments; those that turn it in the. 
ockwise or positive moments. . 


_ The moments that tend 
Hrection as that in which t 
s clockwise or negative 
pposite direction as anti-cl 


—To find the mechanical advantage of the lever. 
readings obtained in the previous exercise f 


or each pair, D and d’ 
ng the arms of the lever. Calculate the ratio load = 


W F 
+ = —», and compare it 
effort w 


ith the ratio s in each experiment. 
The mechanical advantage of a lever of this class is the ratio 

| of the arm to which the effort is applied 

of the arm to which the load is applied’ 

228.—By means of 

lump of metal. 

. end a known mass as before on one arm of the lever, and the unknown 
on the other arm. Take the Same set of observations as before. 


‘tom the principle of moments calculate from each line the value of the 
“nown mass « thus:— 


the lever set up for Exercise 226, find the mass of a 


«x8 = 20 x 13 
os Sa =~260 
& = 32'5 orm. 


9.—(1) On one side of the fulerum 


place two weights a and B, and on 
single weight o (fig. 154), 
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Obtain equilibrium, and read the arms a, b,c. Record thus:— 


Negative Moments. Positive Moments. 
Cxe Axa 
Bx6b 


Add up the negative 
moments, and compare the 
sum with the positive mo- 
ment. Are they equal? 

(2) Repeat the experi- 
Fig. 154.—Equilibrium of Positive and Negative ment with three negative 

Moments moments working against 
two positive moments. 
(3) Write out the conclusion to be drawn from the experiment. 


Ex. 230.—Take any bar, not necessarily a uniform bar, as the lever. Weigh 
the bar. Find the position of its centre of gravity, and mark it. 
Support the lever at a point not its centre of gravity. 
Place weights on the arms as before, and obtain equilibrium. 
The weight of the bar is acting at its centre of gravity, and constitutes one of 
_ the turning forces. 
; Remembering this fact, this case is like that of the last experiment. Find 
the sum of the anti-clockwise and of the clockwise moments as before, and com 
pare them. 


140. The steelyard (fig. 155) is a bar of this kind. It is sup 
ported on a hook above the fulcrum ©. The weight of the bar 


| Do) em At BL dk RE IE KK IBLAL BIOS BD AE S| TA! EB BET BD Bl BA i ne 
1 )ezeraaecrtserrr ree eae (Utereuiaeetatnunuenneron cuntecsreracesre GF 
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Fig. 155.—The Steelyard 


acts downward at its centre of gravity G. The load w is hut 
on to the end of the shorter arm, and the effort F is applied t 
a weight that can be moved along the longer arm. When the b 
or yard hangs horizontal w x AC = (m X GC) + (F X BC). 

Ex. 231.—Support a bar with the fulerum not at the centre of gravi 


Using a constant sliding weight for F, and gradually increasing weights for | 
load w, graduate the bar as a steelyard. 


sah ae 
Be 
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Why are the graduation marks at unequal distances for equal changes in the 
? 


Ex. 232.—Find the weight of a bar by the principle of moments. 

Find the position of its centre of gravity and mark it. Support the bar at 
Some point not its centre of gravity, as in fig. 155, 
___ Place weights on the arms and obtain a balance. Then taking m as the weight 
of the bar, equate the moments on each side of the fulcrum, and solving the 
~ €quation given above find the value of m. 


Ex. 233.—To find the correct weight of a body by means of a false balance, 
_ ie. a balance having unequal arms. 
Set up a lever as in fig. 153. 
Choose the lengths «, 6 of the arms to be used, making one about 1 cm. longer 
_ than the other. 
In one pan place an unknown mass «. In the other place weights w,, and 
obtain correct balance; then, x x a = w, x 5b, 
Place the mass x in the other pan, and again obtain balance by placing the 
required weights w, in the first pan; then, x x b = w, x a. ° 
Multiply the above two equations together ; 
then x. ab = wy. ab 


and x = Vw,w». 
Thus is correctly found without knowing the lengths of the balance arms. 


Ex. 234.—Draw a diagram showing that a 
pair of scissors is a double lever of the first class. 
(The central pin is the fulcrum; the resistance 
is that offered by the object between the cut- 
ting edges.) 

Ex. 235.—Bend a piece of stiff wire near . 
the middle, and also bend small loops at each 
end. Hang the wire with the middle bend over 
a small peg, from which also hangs a plumb bob 
(fig. 156). 

Hang weights on the end loops. 

The arms of the forces are the perpendiculars 


on to the plumb-bob line. Fig. 156.—Equilibrium of a Bent 
Verify the principle of.moments. Lever 


141. LEVERS OF THE SECOND ORDER. 


Ex. 236.—Set up a bar as shown in fig. 150, the effort (P in that diagram) 
being supplied by a dynamometer hanging from a support. The fulcrum may 
be a stiff pin passed through the bar, 

/ Verify the principle of moments for this system. 

Find also the mechanical advantage, 

Ex. 237.—Show by a diagram— 

(i) That a wheelbarrow supported with its legs off the ground is a lever of the 
second class. (The axle of the wheel is the fulcrum.) 

(ii) That a pair of nutcrackers is a, double lever of this class, (The nut offers 
the resistance.) 


ers ra > 
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142. LEVERS OF THE THIRD ORDER. . 


Ex. 238.—Drive a stiff pin through one end of a bar into a block of wood 
and thus make a lever of the third class as shown in fig. 151. Apply the effort 
by a spring balance hanging from a support, and put a load on the bar. Taking 
different positions for the point of applications of the effort and weight, verify 
the principle of moments for this case. Find also the mechanical advantage. 
Note that it is less than unity. Thus this order of lever is only used as a matter 


of convenience. 4 

Ex. 239.—Show by a diagram that the action of a pair of sugar tongs oF 
coal tongs is that of a double lever of the third order. (The resistance is offerec 
by the object gripped : the fulcrum is at the bend of the tongs.) : 


143. THE TANGENT LAW.—There are several examples 
occurring in physics in which a body is caused to take up a posi- 
tion under the action of two forces or couples at right angles te 
éach other. This case should be studied. y 

Ex. 240. — (1) 
the centre of a circk 
fixed with its plane ver 
tical, and having om 
quadrant divided im to 
degrees (fig. 157), moun 
a strip of wood by a pi 
B so that the strip ¢ 
“needle” can rotat 
easily. 2 

At a point D susper 
from a pin a weight E. 

To thé same pl 
fasten another thre 
which passes over | 
pulley L and supports 

Fig. 157.—Two Forces at Right Angles to each Other weight K. & 

turning a Lever through an Angle Place a small wei A 

at K. See that the ty 

threads are exactly at right angles to each other: the arm AH is deflected fro! 
the vertical. Measure the angle asc. The moments round 8 are the force 
multiplied by the arm BF, and the force E multiplied by the arm pr. These a 
equal. Record thus:— ¥ 
ee eee RS 


) Horizontal Vertical Deflection of | Ratio of Tangent of 
) Force. Force. | Needle. | Forces. Angle ABC. 
Pee oe a ee | 
a: K 
| K E Angle ABC = 

E 


fe 
shea 
a 


(2) Take several observations of this character with different values of me 
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as to obtain different values of the deflection aso, and for each observation com. 
) wre ~ with the tangent of asc, which is ~ 
_ The observations show that— 


- 


- = tan ABC; orK = Ex tan ABC. 


3 4 This result is the basis of measurements ma 
galvanometer (Art. 360). 


_ 144. THE WHEEL AND AXLE.—A lever can only be used 

r raising heavy masses a short distance. When it is required 
) raise such masses through a considerable distance an arrange- 
ent is made by which the effort is applied to turn a wheel or 
linder having a greater radius, and the load is applied to the 
dius of a smaller wheel or cylinder which is fixed on the same 
ntral axis. Thus a continuous motion is obtained. 
Such an arrangement consti- 
es a wheel and axle (fig. 158). 


de by the tangent 
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: Fig. 159.—Turning Moments acting 
Fig. 158.—The Wheel and Axle on the Wheel and Axle 


axis or spindle rests on suitable bearings so that the whole 

aratus can rotate. A cord is attached to the circumference of 

wheel, another to the circumference of the axle. These cords 

wrapped round their cylinders in opposite directions, so that 

ort produces a turning moment in one direction and. the load 
Opposite direction. 

"1g. 159 shows how the principle of moments applies. The 
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machine is:like a lever whose fulcrum is at ©, and whose arms are 
cp the radius of the wheel, and cE the radius of the axle. 

In our experiments the cords should be thin, flexible, and of small 
mass, and the spindle where it turns in its bearings should be oiled. 


Ex. 244.—Find the mechanical advantage of the wheel and axle. 

Measure the circumference of the wheel and of the axle, and calculate the 
radius of each. Suppose the radius of the wheel is a, and of the axle 0. 

Affix a weight to represent the load on to the cord which surrounds th« 
smaller cylinder (the axle), and a scale pan (whose weight is known) to the core 
which surrounds the larger cylinder (the wheel). Weights placed in this pat 
constitute the effort. 

Put weights in the pan until the load just rises from the ground. Pull thi 
force pan down a little, and thus raise the load. Take off weights until thi 
apparatus is in equilibrium. 

Vary the force to a small extent. It will probably be found that equilibriun 
will still be maintained. Find the force which is just enough to raise the loa 
slowly, and the force which allows the load to descend slowly, and take the meat 
of these values. 

Take a series of readings in this way with different values of the effort F an 
' the load W. Remember that F includes the weight of the scale pan. 


: Turning : Turning 
Radius of Radius of 
Value of F. Wheel @: span Value of W. Axio 5. — 


TO Sed oe 


Tf the effect of friction has been eliminated in the manner indicated abov 
the figures in columns 3 and 6 will be nearly the same. If the cords are thie 
the radii a and b should include the thickness of the cord. 


The mechanical advantage = is thus shown to be equal to ? i.e, | 


radius of wheel 
radius of axle 


145. The wheel and axle 
used in many common appliance 
for example, the ordinary roll 
blind, in which the blind is 
weight attached to the axle, al 
the force is applied to an endle 
cord passing round the wheel. 

Another common example 
the windlass (fig. 160), by whi 
Fig. 160.—The Windlass water is drawn froma well. T 
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wheel i in this case is replaced by a crank handle. A comparison of 
figs. 158 and 160 will show that their action is the same. 

_ The capstan (fig. 
161) is another ex- 

‘ample. It is used 

largely in ships. Men 

‘apply force to the 
spokes of a wheel, and 

the rope along which 
the weight or resist- 
ance acts is wound 

‘round the hub or axle 
of the wheel. 

Ex. 242.—(1) The 
axle of a windlass is 15 cm. in diameter, and carries a bucket whose weight is 
5 Kg. and capacity 10 litres. The arm (a in fig. 160) of the windlass is 45 cm. 
long. What force must be applied to the handle to just move the bucket when 

full of water? , 

(2) The barrel of a capstan is 2 ft. in diameter, and is worked by four men, 
each of whom exerts a force equal to the weight of 50 Ib. at the end of an arm 


5 ft. long. 
Find the pull on the capstan rope. 


146. THE INCLINED PLANE.—When it is required to raise 
heavy bodies through compara- 

tively small heights, it is often 

convenient to roll or push them F 
up aslope. If the friction is not Ww es 
‘great a man can by this means 

Taise bodies which he could not 

possibly lift straight up to the g Cc 
Tequired height. He exercises a ~ rig 162A Body supported on an 
smaller force along a greater dis- Inclined Plane 

tance. 

_~ Fig. 162 shows a skeleton inclined plane. 

AB is called the length of the plane (/). 

AC 5; ” height ” ” (i). 

ca BC, ” base ” ” (5). 


Fig. 161.—The Capstan 


A 


The base Bc is taken to be horizontal. 

In experiments on the inclined plane the load w is placed on the 
Dare, and is prevented from slipping or rolling down the slope by 
an effort F, which may be exerted either along the direction BA, 


%} 


ke afigle and repeat the whole set of observations. Do this for several angles. 


v) 


‘>. 
| | ae 
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when it is-said to be parallel to the plane; or in a horizontal 
direction, when it is said to be parallel to the base. 

The object of the succeeding experiments is to find the ratio 
between w and F when they are in equilibrium. eae 
To diminish friction the plane should be of polished wood or 
of wood faced with a sheet of glass. The load may consist of 
a heavy metal roller, as in fig. 164, or a small trolley on which 


weights are placed, as in fig. 163. 

The effort may be applied by means of weights in a scale pan 
attached to a string that passes over a pulley, as in fig. 163, or by 
means of a dynamometer, as in fig. 164. In order that the plane 
may be inclined at any angle it is hinged to a base board. 


Ex, 243,—To find the mechanical advantage of the inclined plane when the 
effort is parallel to the plane. ; 
Fig. 163 shows the arrangement. See that it rum: 
easily. : 
(1) Weigh the trolley and the scale pan, an¢ 
always add these weights to those placed in the 
trolley and in the pai 
respectively. | 

(2) Place a weigh 
in the trolley, and pu’ 
weights in the seal 
pan until the trolley 
just moves up thi 
plane. Note th 
weights in the pan. 

Remove weight 
from the scale pal 
until the trolley jus 
moves down th 

plane. Note th 
weights in the pan. Take the mean of these two weights, and add to them th 
weight of the scale pan itself. This is the value of F. | 

w is the weight of the trolley and its contents. 

Find the ratio Ww + F. | 

(3) Each time with a different weight in the trolley*repeat the operatio 
several times, thus obtaining several values of w + F. ; 

Compare these values, and take their mean as the value of the mechani 
advantage. If the weight is a simple roller only one value of w+F can t 
obtained. 

(4) Measure the length (7) of the plane down to the hinge and the height 
of the plane. 

Compare the mean value of w+ F with the value of / + h. : ; 


ae 


MEX. 244, —Keeping the weight the same, incline the plane at a di 


/ tas f : Wt “+ ripe | Seu TEP 4 j fink - , i 
= y , wy 4 
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er ation alters the height of the plane, but not its length, For each position 
id as before the ratio w + F and the ratio / + h and compare them. 


The whole set of observations shows that when the effort acts 
rallel to the plane this relation holds good; 


ec Resistance _ length of plane _ “a 
—_—— Effort height of plane = 
_ Ex. 245.—To find the mechanical advantage of the inclined plane when the 
mee acts parallel to the base. Fig. 164 shows an arrangement essentially the 


Fig. 164.—The Inclined Plane with the Force parallel to the Base 


ne as that of fig. 163. The load isa heavy roller. The effort is the reaction of 
spring of the dynamometer. The dynamometer is fixed on a support, and the 
‘ing connecting it with the weight is horizontal, parallel to the base of the plane, 
‘the roller has a pair of shafts connected with its axle, by which it is moved, 
éigh the roller and its accessories (Ww). 

(1) Place the roller on the plane so that its shafts are horizontal, and connect 
m by a string to the dynamometer. Roll the load a ttle way up and down 
plane, and adjust the position of the dynamometer or load until the connecting 
fing is horizontal. See that the roller lies straight across the plane, so that the 
Hon it is really at right angles to its axle. Shght movements and tapping of 
‘plane will enable this to be done. 

When the adjustments have been carefully made read F on the dynamometer, 

d the ratio w ~ PF. 

The base of the plane is the distance from the hinge to a point vertically 
ath the top of the plane. Measure this base J and the height of the plane A. 

d the ratio b +h. Compare it with the ratio w ~ pr. 

2) Alter the inclination of the plane. Again find the ratio w + F and b ~ h, 

the mechanical advantage when the effort acts parallel to the) 
2 is the ratio ofthe base of the plane to the height of the plane. 


47. PULLEYS.—A pulley is a small wheel, sometimes called 
eaf, having a groove round its edge and an axis or spindle 
gh its centre (fig. 165). The ends of the axis are supported 
_ framework called a block. Such pulleys are often mounted 
“more than one sheaf in a block. Fig. 167 shows two three- 
vec blocks. * 

A cord is passed over the pulley, and the effort and load are 
ed at the ends of the cords, 


Ts 
4 a 
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Window sashes are generally hung in this way, most of the 
weight of the sash being balanced by a weight on the other end 
of the sash cord. 


Ex. 246.—The Single Fixéd Pulley.—Support 
single pulley as in fig. 165. See that the pulley runs 
easily and the string is thin and flexible. 

Weigh two scale pans and attach them to the string. 

(1) Put a weight in each scale pan and adjust them 
until with a slight pull of either string the pulley wil! 
rotate in either direction. Add the weight of each par 
to the weights which it carries, thus obtaining w and F. 
What is the ratio between them? 

Repeat the experiment for several values of F and w 
Take the mean of the ratios obtained. 

(2) Replace the effort pan by a dynamometer, keep. 
ing the strings parallel, and repeat the observations 
What is the ratio w + F? 

(3) Alter the position of the dynamometer so tha‘ 
the strings are not parallel, and take some observations 
at different angles. What is now the ratio w + F? 


The observations show that Ww is very 
nearly equal to F. Any difference is due tc 
friction. Find the value of F — w, which 
measures the friction. There is no mechanical 
advantage in this arrangement, but it is often 
used to pull bodies up to the top of a build. 
ing instead of carrying them up. Moreover, 
it has been shown that the pulley allows the 
effort to be applied in any convenient direction 


Ex. 247.—The Single Movable Pulley.—(1) Weigh 
the pulley that is to move, and set up the apparatus ai 
shown in fig. 166. A single long string having one en¢ 
fixed to a support passes round the movable pulley an¢ 
Fig. 165.—A Single Fixed over a fixed pulley. At the other end of the string the 

Pulley effort F is applied. The load is attached to the block 
of the movable pulley. See that the three parts of th 
string are vertical and in the same plane, and that the pulleys run freely. 

Attach the load, and find the least effort that will keep it raised from the table 

To obtain w, the weight of the movable pulley must be added to the weigh 
it carries. If scale pans are used their respective weights must be included i 
F and w. 


What is the mechanical advantage ? What is the value of 2r — wi 
F * 

<a 
Take several measurements with different values of F and w; and for eadcl 


find the value of w+ F and of 2r —w. Since two pulleys are used, the dis 
turbing effect due to friction is twice as great as in the last experiment. 
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_ (2) Instead of using a weight and a fixed pulley, 
apply the effort by a dynamometer pulling upwards. 
You now have two parallel strings. Take a series of 
readings of the effort F for different values of w as 
before. There is now only the friction of one pulley, 
and the result will show 2¥ more nearly equal to w. 

_ (8) Keeping the load the same, change the position 
of the dynamometer so that the cords are not parallel. 
‘Record F and w. Increase the angle between the two 
" parts of the cord, and again read F and w. Take read- 
"ings for several angles. Note the great effect of increas- 
_ Ing the angle between the two parts of the string. Com- 
_ pare with the result of Exercise 205. 


st Fig. 167.—T'wo 3-sheaved 
Fig. 166. —A Single Movable Pulley Pulley Blocks 


___ Omitting friction the observations show that when a single mov- 
able pulley is used—(a) If the strings are parallel, the mechanical 
advantage is.2. An effort F will raise a weight of 2r. (b) If the 
strings are not parallel, the mechanical advantage becomes less and 
8 as the angle between the strings is made greater. 
Combination of Pulleys.—Various combinations of pulleys are 
used. Fig. 167 shows an arrangement much used in practical 
business operations. 
It consists of two blocks, each of which may consist of two, 
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Pee or more sheaves. One of the blocks is fixed, and one moy- 
able. The weight to be moved is attached to the movable block. 
There is only one cord, which has one end fixed to the fixed block, 
and is threaded through first one of the sheaves of the movable 
block, then one of the sheaves of the fixed block, and so on through 
all the sheaves. The effort is applied to the other end of the cord. 
When effort is applied and the load is supported, there are in the 
case shown in fig. 167 six strings between the two blocks. Each 
string carries one-sixth of the load. The effort applied has to be 
sufficient to keep these strings tight ; that is, the effort is equal to 
the tension in the string, which is one-sixth of the load. ‘ 

Thus in this case P = 1 w. If there are four cords P = } w, 
and if eight P = + w, and so on. : 


148. THE SCREW. 


Ex. 248.—From a piece of paper cut out a right- angled 
triangle having one side much longer than the other. 

Roll the paper 
round a small cy]l- | 


inder, such as a | — | -— 


| 


pencil, with the 
shorter side of the 
triangle parallel to 
the axis of the cyl- 
inder (fig. 168), 
Then the hypo- 


awl | 


Fig. 168.—The Screw 


tenuse of the tri- 
angle forms a spiral 
line travelling up 
the cylinder, and re- 


GU 

Co 
a) 

Ly 


ry 


as‘an Inclined Plane presents the thread 
of a screw. 


Fig. 169.—The Screw Press 


Thus the screw is shown to be an inclined plane. If we 
sider only one turn of the screw the base of the inclined p a 
is the circumference of the screw and height the pitch of the serew. 

When the head of the screw is turned through one revolution 
the screw advances one step, i.e. a distance equal to the pitch. 

In the screw press (fig. 169) the effort is applied at the end of 
an arm attached to the screw, and the mechanical advantage is 
circumference of the circle described by the effort : 

—________________+»_———"._ By such a ma 
the step of the screw 

chine great pressure may be applied. The friction in the secre’ 

is so great that it cannot be neglected, and no value of th 

mechanical advantage can be obtained from a statical experiment, 
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EX. 249,—Miscellaneous Examples. 

_ (1) The arms of a lever are 20 cm. and 55 cm., and a weight of 80 Kg. is 
tached to the shorter arm. What is the effort? 

_ (2) Two men carry a load of 60 Kg. suspended from a uniform horizontal pole 

¢ m. long and weighing 10 Ky. If the pressure on one man’s shoulder is 40 Kg., 

_ from what point is the weight suspended ? 

_ (3) A wheel and axle is used to raise a bucket weighing 15 Kg. The radius 

of the wheel is 50 cm., and while it makes 6 revolutions the bucket rises 3 m. 

What is the smallest force that will raise the bucket ? 

_ (4) Describe how by means of a wheel and axle a man could pull himself up to 

the top of a building by exerting only a small force. 

_ (5) The arm of a screw press is 50 cm. long, and the screw descends 5 cm. 

hen it is turned 8 times, what force must be applied to the arm to give a total 

Ssure of 200 Kg.? 

(5) A nut is placed in a pair of nuterackers 1:5 cm. from the fulcrum or hinge, 

force of 2 Kg. applied to the arms of the crackers at a distance of 12 em. from 

fulcrum just crushes the nut. Find the crushing force on the nut. 


CHAPTER XV 


Inertia. The First Law of Motion 


"149. REST AND MOTION.—These are primitive ideas which 
Tyone realizes from experience, and which can be made no 
arersby explanation. 
But it must be pointed out that all motion is relative. In 
ing or running we pass stationary objects. If we did not pasg 
m, but they all moved with us, we could perceive no motion. 
€ earth and its atmosphere are moving very fast through space, 
we do not immediately perceive this motion. We only con- 
clude that the earth does move from observations on the sun and 
the seasons of the year. 
To persons riding in a train which is running parallel to another 
n that moves at the same speed, the second train appears to be 
Test, if they cannot at the same time see stationary objects. 
in a balloon drifting with the wind no motion can be detected 
Y a person looking upwards. 
Che objects that we regard as at rest in our movements are the 
h and things that are attached to the earth. 
Jur test of motion is whether a body occupies different positions 

mong surrounding objects at different times. 
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150. INERTIA OF BODIES AT REST.—It is a matter ol 


universal experience that bodies which are at rest but are not fixed 
remain at rest unless removed by force. But in most of these 
cases although the body may not be fixed there is a force acting 
on the body which resists any attempt to move it. Thus great 
opposition is offered to the movement of a block of stone by the 
forces of gravitation and friction. These forces, however, are du 
to agencies outside the body itself. We have now to conside 
whether it is a property of the body itself to resist being set it 
motion quite independently of the opposition due to forces acting 
on it from outside. To do this, make some experiments in whicl 
the force of gravitation does not interfere. 


Ex. 250.—On a small sheet of paper lying on a table place a mass such a 
a 100-grm. weight. Sharply slide away the paper along the table. Does th 
mass move with the paper? 

Place a smooth card on a glass tumbler, and on it place a coin. Quickl 
snatch away the card horizontally. Does the coin go with the card? 


In these cases gravitation was counteracted by the support 
A horizontal force was applied to the body, but only a very sma 
horizontal motion took place. The body at rest showed a tendenc 


to remain at rest. 
The next experiment is more, although not entirely, free frot 


the disturbing effect of friction. 


Ex. 251.—On a smoothly running trolley, standing on a smooth board, pla 
a heavy mass (fig. 170). Pullit 
a dynamometer attached to t] 
trolley, start the mass movin 
Read the force required to sta 
it, and the force required — 
maintain it in motion, Whi 
is the greater? 

Repeat the experiment — 
different speeds and with d 
ferent loads. | 


Fig. 170.—Force required to set a Trolley in Motion 


The readings show that— 

(a) It requires a greater force to set a body in motion than | 
keep it in motion. 

(>) It requires a greater force to produce a rapid motion than 
produce a slow motion. 

(c) It requires a greater force to set in motion a large mass th 
a small mass. ¢ 

This experiment carries more conviction when made on a let 


a 
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scale with a railway truck. The whole strength of two or three 
men is required to start it, but one man can keep it 
moving. Similarly, a horse has much more difficulty in 
starting a loaded wagon than in keeping it moving. 
In the next experiment gravitation is counteracted 
and friction is also very small. 
© Ex. 252.—Suspend a heavy mass by a long string. The string 
is counteracting the pull of the earth, while the friction of the air, 
and at the support, is extremely small. 
Does the body offer any resistance to a horizontal push or pull ? 
Attach a dynamometer to the mass (fig. 171), and set the mass 
‘im motion by a horizontal pull. Note the force registered by the 
dynamometer (a) at the moment of starting; (5) immediately after- 
wards. Vary the strength of the pull and the mass moved, and 
make the same observations as in the last experiment. 


These experiments indicate that there is some pro- 
-perty in matter which 

(a) Causes a body at rest to remain at rest; 

(6) Opposes a resistance to any force that tends to 
Move the body. 


15t. INERTIA 
OF BODIES IN 
MOTION.—We now 
have to consider 
bodies, that are in 
motion. Everyday Fig. 171.—Inertia of a Suspended Mass 
experience is that . 
bodies in motion sooner or later come to rest. Are such moving 
bodies stopped by some external force or not? Do they possess a 
property which would (if no external force stops them) keep them 
for ever in motion ? 

Consider the following experiences :— 

If a horse that is carrying a rider suddenly stops, the rider, 
unless he forcibly prevents it, continues to move forward, and is 
thrown over the horse’s head. 

Persons in a swiftly moving carriage are thrown forward in a 
similar manner if the carriage suddenly stops. 

A person alighting from a carriage in motion is thrown forward. 

A man running swiftly has some difficulty in stopping quickly, 

If water be running through a tap in a pipe and the tap be 
suddenly turned off, a bang is often heard in the pipe. The moving 
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water knocks hard against the closed end of the pipe. Lead pipes 
are often distended and in time burst by this practice. 
A cricket ball travels considerably further on smooth turf thar 
on rough ground. Ona polished surface, such as ice, it travels muck 
further still. This is because friction has been diminished. ; 
A carefully suspended pendulum continues to oscillate muck 
longer in a vacuum than in air. ; 
If a metal top be set spinning on a glass plate, and then be 
placed under the receiver of an air pump, and the air pumpec 
out of the receiver, it continues spinning for a very long time. 
Ex. 253.—Raise one of the wheels of a bicycle off the ground, and by han 


give the wheel a rapid motion of rotation. 
Note what a long time, especially if it be on ball bearings, where the frictiot 


is small, the wheel continues to revolve. | 
With a more massive wheel the effort to increase its speed is greater, and th 
time during which it continues to run is longer, and it is more difficult to stop. , 
Ex. 254.—Attach a dynamometer to the heavy mass supported as in fig. 17] 
and set the mass in motion by a horizontal pull on the dynamometer. 3 
When the mass is swinging back through its central position stop it suddenl 
by a pull on the dynamometer; record the pull. Note that the mass does n¢ 
stop instantly, but travels on a small distance. : 
The reading of the dynamometer is greater when the mass is greater. a 


Ex. 255.—Set up a simple pulley, as in fig. 165, with the string nearly 
as long as the height of the pulley from the ground. Attach a lighter mass 1 
one end of the string, and a heavier mass to the other end. Let the heavier mat 
rest on the ground; take hold of the string and pull the lighter mass up neal 
to the pulley. Release the string and allow the smaller mass to fall. If 
larger mass be not too large, it will be jerked from the ground when the stri 
tightens. Thus a large force is required to stop a quickly moving mass. 


These experiments indicate that there is some property | 
matter by virtue of which— 4 
(a) When a body is in motion in a straight line it shows 
tendency to move on in that same straight line; and . 
(b) That a moving body can only be stopped by the exe i 
of force. 4 
This is impressed still further upon us when we consider ne 
difficult it often is to stop a moving object, such as a cricket ) 
a swinging door, a swiftly revolving wheel, a heavy truck. 


152. FORCE REQUIRED TO CHANGE THE DIRE 
OF MOTION OF A BODY.—The same considerations 
when a moving body is not stopped, but has its motion ek 
in direction or in speed. When a train travels round a cu 
a swiftly moving car turns a corner, the passengers are 
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‘one side. Which side? It is always away from the new diree- 
et the vehicle is taking and towards the direction in which 
$s previously travelling. “The passengers have to exercise force 
Biitiselven to keep their positions. 
. 256.—(1) Tie a body to one end of a string, and, holding the other end 
Beene. whirl the body round in a cirele. A pull is felt along the string, 
P the string be elastic it is stretched. A swift motion will cause the string 
b eak. The ‘explanation is this. The force along the string is always causing 
2 direction of motion of the body to change. That direction at any instant is 
’ e straight line in which it happens to be moving at that instant. To pull it out 
th at straight line, and cause it to change its Sirention into a circle, requires the 
ercise of force. 

"@) If you twirl a wet mop rapidly round, the drops of water fly off “a 
' gent ”, as is correctly said. 
ach drop moves off in a straight line in the direction in which it was moving 
e moment when it left the mop. 


'Thus we see that if a body is moving it requires the exercise 
‘force to change its direction of motion from the line along 
hich it is travelling at any moment into any other direction. 
All the experiments that we can make on this subject are more 
Tess disturbed by the presence of forces which we cannot get rid 
, and which complicate it and interfere with the result. But it 
as been shown that the more completely we remove these disturb- 
g forces the nearer we get to the condition of perpetual main- 
| on: lance of the motion of a moving body. 

There are bodies in motion over which we have no control, but 
Hose motions have been carefully studied. These are the earth, 
, moon, and stars. The earth moves round the sun, and we 
know that it has been so moving for a very long period—millions 
of 5 years. And we know that during the period within which accu- 
@ measurements have been made it shows no slackening of speed. 
similar statement holds good with regard to the moon in its 
lotion round the earth. 

__ All the large astronomical bodies maintain their motions con- 
usly with perfect regularity. 


153- From all the considerations and experiments such as those 
tioned in Arts. 150 to 152 the conclusion is drawn that all 
te er has an incapacity to change its state of rest into a state of 

ion, or a state of motion into a state of rest, or to change the 
tion of its motion. ‘To effect such a change the body must be 
on by an external force. This property of matter, of main- 
i Z the condition in which it is, is called inertia. The possession 
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of inertia is regarded in Dynamics as the one characteristic property 
of matter. Bodies differ in size, mass, density, &c., but they all 
possess inertia, and whatever does not possess inertia is not matter. 

Force is intimately connected with it. Force is that which 
overcomes inertia either by moving matter or by stopping its 
motion, or by changing its direction. All changes of motion are 
the result of force. 

Thus we arrive at the First Law of Motion:— 

Every body perseveres in its state of rest, or of uniform 
motion in a straight line, except in so far as it is made to 
change that state by external force. (For uniform motion, see 
Art. 160.) 

Ex. 257.—(1) Why is it that it requires the united efforts of several men to 
set a railway truck in motion, but one man can keep it going when it has once 
been started ? 

(2) Why is it a greater strain on a horse to start a cart moving than to keep 
it moving at a slow speed? 

(3) Why can a nail be driven in by a blow from a hammer, but not by placing 
the hammer at rest on the nail ? 

(4) Give some instances in which the inertia of a moving body is used te 
overcome the inertia of a body at rest. 


GHAPTHR AVI 
Time. The Pendulum 


154. One of the most obvious and universal of our impression 
is that of the succession of day and night in regular alternation 
From this we form an idea of an interval of time, and as we am 
only concerned with the comparison of intervals of time we compat 
other intervals with the interval marked out by a day and a night. 

The present arrangements for measuring time are the result 
of centuries of trial and error and comparison. : 


4 

15s, LENGTH OF THE DAY.—If we set up a thin straigh 
rod vertical on a large sheet of paper, and mark the length of th 
shadow of the rod thrown by the sun on the paper at frequen 
intervals during the day, we find that the shadow is of differen 
lengths at different times of the day. Let the position of ; 
shortest shadow be carefully marked. 
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Let the process be repeated the next day. 
_ Then the interval of time that has elapsed between the for- 
- mation of the two shortest shadows is a day. Since it is determined 
from the sun, it is called a solar day. 
Day and night are brought about by the rotation of the earth 
‘ on its axis. Tests continued for many years in the most accurate 
“manner lead to the conclusion that this rotation takes place with 
Bthe greatest possible regularity. The period of time taken by the 
earth to perform one revolution on its axis is always the same. 
_ This period is ascertained by astronomers by observing the interval 
between tivo successive passages of a star across the centre of their 
telescopes; it is called the sidereal day. Its length is not quite 
the same as that of a solar day. 

The “day” which is used as the basis for the measurement 
of time in all civilized countries is neither the solar day nor the 
sidereal day mentioned above. Numerous observations made with 

accurate instruments and accurate clocks show that the length of 
the solar day is not always the same; it varies with the seasons. 
Its length has been measured by a clock for every day throughout 
the year, and the average of all the values taken. The result is 
ealled the mean solar day, which is the unit by which time is 
measured. 

The mean solar day is divided into 24 equal parts each called an 
hour. The hour is divided into 60 equal parts each called a minute. 
The minute is divided into 60 equal parts each called a second. 

In physical science, when we are measuring small intervals of 

time, the unit of time is the second, the =,4,, part of a mean 
solar day. 


156. MEASUREMENT OF TIME.—A perfect clock is a 

machine which turns a hand round a circle exactly twice in a 
mean solar day. By a system or “train” of toothed wheels another 
hand is made to travel round at the same time twelve times as fast. 
‘Thus the hours and the minutes are marked. 

All clocks are more or less imperfect. But each astronomical 
‘observatory has some of the most accurate clocks that can be made. 
By means of observations on the sun*and stars these clocks are 
kept right, and all other clocks are regulated by these. The prin- 

cipal observatory for the regulation of time measurement is at 
Greenwich. 

The elementary clock shown in fig. 172 explains the principle 

by which clocks are made to measure time. 
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A toothed wheel E called the escapement wheel is rotated by 
a weight W acting along a cord that is wound round a drum placed 
on the axis of the escapement wheel. This 
is the turning mechanism. 

To regulate the rate at which the wheel 
turns’ round there is added a regulating 
mechanism which includes the rest of the 
apparatus shown in the figure. Above the 
axis of the escapement wheel there is a 
spindle D to which is attached a curved 
piece of metal c called the escapement, which 
ends in two clutches or pallets that touch 
the teeth of the wheel. The spindle D carries 
a forked arm A, and through this fork pal 
the rod of a pendulum B. 

If the regulating mechanism were absent, 
the weight would rapidly descend to the 
ground and turn the wheel round very fast. 
The escapement c divides this motion into 
very short steps. As the pendulum rod oscil- 
lates from side to side it carries the bar 4 
with it. The motion of A causes D to rotate a little, first one way ; 
and then the other.’ In its rotation D carries the escapement © with 
it, so that one pallet swings outward 
and the other swings inward. The 
pallets engage with the teeth of the 
wheel, so that each oscillation of 
the escapement allows the wheel to 
rotate through the distance of oné 
tooth. FE 

The regulating mechanism thu 
depends upon the pendulum. Tf 
the pendulum ticks once a second 
and the wheel has sixty teeth, th 
wheel would rotate once a minute. 

In an ordinary clock there is a traif 

‘Samiti ni in of wheels which turn the hands. 3 
Fig. 173.—The Metronome 157: METRONOME. — ‘or 
many laboratory experiments a USt 

ful form of time-indicator is the metronome (fig. 173), in which. 
bar oscillates in front of a scale. The bar has a heavy bob at 
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Fig. 172.—The ae an 
Mechanism of a Clock 
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bottom, and a pin through it a short distance above the bob. It is 
kept in motion by a coiled spring. As the bar oscillates it produces 
a loud ticking. The number of ticks per minute can be altered by 
‘sliding a movable mass up or down the bar, the number being indi- 
‘ated on the scale, according to the position of the slider. 

- 158. THE SIMPLE PENDULUM.—We now have to study 
‘the pendulum. A simple pendulum consists of a small heavy body 
called the bob, suspended by a 
thin thread (fig. 174). The bob 
‘is generally a sphere or a double 
‘cone; the thread may be of waxed 
silk or cotton, but it is better to 
“use very fine wire. There must 


be no “play” at the eo ma tT 
‘This difficulty may be Tack By N.Meo : 


clamping the thread the top 


ving sharp edges, such as a pair_- No. 
_of pliers, or by passing the thread” ‘ h 9 Jf pee: 
through the eye of a ne le ptpele No ; ‘be IAM tee sedeseese 
into a cork. —— ‘ 


z Referring to fig. 174, an oscil- 
lation is a complete doulilesswihg? 
of the bob from B to c ahd back. 
Ee distance from A to B or A to 


ll 


; 
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€ is called the amplitude of the j 
oscillation; the time taken to eee 
‘make one oscillation is called the MPD ee 
period of the pendulum. The Fig. 174.—The Simple Pendulum 
length of the pendulum is the 

distance from the point of suspension to the centre of gravity of 
the bob. 

__ Most of the experiments with pendulums require that the period 
should be determined. 

‘ For simple comparative measurements it is sufficient to take the 
number of seconds occupied by a considerable number—50 or 100 
oscillations—and to divide the total number of seconds taken by 
the number of oscillations. 

__ As there are two operations proceeding simultaneously, two 
observers are necessary—one to count the oscillations of the pen- 
dulum, the other those of the metronome, or in some way to take 
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the time. The pendulum observer makes a sharp tap on the table 
when the pendulum passes its middle point, and both begin count- 
ing. When the pendulum passes the middle poimt again in the 
same direction after 100 oscillations he makes another tap, and the 
metronome observer gives the number of seconds occupied by these 
100 oscillations. 


Ex. 258.—To compare the periods of a pendulum having different amplitudes 
of vibration. 

Let the length of the pendulum be about 60 or 80 cm. 

Mark on the table or floor the position of the bob when at rest. 

Place a centimetre scale level with the middle of the bob (fig. 174). | 

Draw the bob aside through about 15 cm., and as directed above find its 
period. , 
Repeat the operation with starting amplitudes of 12 em. and of 9 cm, Com- 
pare the period obtained in the three cases. : 

If the experiment has been at all carefully done, the effect of change of ampli- 
tude on the period is shown by the values obtained. i 


Ex. 259.—To find the relation between the length of a pendulum and its 
period. 4 
(1) Measure the diameter of the bob (supposed spherical), and find its radius. ; 
Place a block under and just touching the bob. Measure the distance from 
the face of the block to the point of suspension, and subtract the radius of the 
bob. This gives the length of the pendulum. ; 
With the length about 100 or 120 cm. take the time of 100 oscillations, and 
hence find the period. d 
Repeat the observations with several smaller lengths down to 30 or 40 cm. . 
Writing J for length and ¢ for period, make a table in five columns showing 

i | 


lst | f° | 1+? 

Examine the figures, and endeavour to find out a ratio. ; 

(2) Make a graph showing the connection between J and t. As ¢ is small : 
time of 100 oscillations may be taken in place of t. Such a graph, ABO, is en 
fig. 175, but the numbers from which the graph was made are not given, as 
are necessarily the same for all experiments. j 

The curve is not a straight line. Thus the period of a pendulum is not pro- 
portional to its length. ; 

(3) Make another graph showing the connection between the length of & 
pendulum and the square of its time of oscillation. < 

This graph per, fig. 175, comes out as a straight line, thus showing that the 
length of a simple pendulum is proportional to the square of its time of oscil 
lation." 

(4) Having obtained this second graph note where the graph crosses the 
that marks 1 second. Then read off the corresponding length of the pend 
This length is the length of the seconds pendulum. Its correct value is 994 em 

Set up such a pendulum and compare its time of oscillation with that of 
clock (or metronome) ticking seconds. 3 


1 The two graphs shown in fig. 175 are not on the same acale. 
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fig. 175.—Relation between the Length of a Pendulum and (1) its Time of Oscillation 
(A, B, ©); (2) the Square of its Time of Oscillation (D, E, F) 


EX. 260.—To find the effect of the mass of the bob on the period of the 
pendulum. 
Take two pendulums of the same length but with bobs of different mass. It 
is better for the bobs to be of the same shape and size, Find their periods 
"accurately and compare them. 


The experiments show—(a) That the time of oscillation of a 
pendulum does not depend on the substance of the bob nor on 
its mass. 

‘  (b) The period is the same whatever the amplitude may be, 
provided that it is small. This property of a pendulum is called 
‘its isochronism. The fact that the oscillations are isochronous— 
he property on which the value of 
pe pendulum depends for the measurement of time. 

_ (c) The period is proportional to the square root of the length 
of the pendulum. 
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159. VIBRATIONS OF A ROD OR THIN BAR. 


Ex. 261.—For this experiment a thin lath of pine wood or a piece of steel | 
spring is necessary. The rod should be firmly fixed at one end, either by clamping 
it in a vice, or by attaching it firmly to a large block of wood. A vice allows the 
length to be adjusted more readily. | 

(1) Pull the free end to one side and release it sharply. The bar springs back 
and vibrates quickly. If the bar be long the vibrations will be slow enough to 
count. Count the number made in several seconds, and thus find the period as 
in the experiment on the pendulum. Measure the length of the vibrating portion 
of the rod. | 

Vary the length of the vibrating part of the rod, and find its period of 
vibration for different lengths. | 

It will be found that like the pendulum the period is proportional to the 
square root of the length. : 

(2) From the figures obtained in your experiment calculate what length of the 
bar will give 10 vibrations per second. : 
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Fig. 176.—Measurement of Time by the Oscillations of a Thin Bar 


Ex. 262.—Fasten a light pencil or a small brush dipped in ink to the free 
end of the rod. Place a strip of paper under the brush so that the brush just 
touches the paper. Draw the paper along under the brush as it oscillates. A 
wavy line is traced out. Knowing the period of oscillation, measure a length of 
20 or 50 cm. on the paper, count the curves in it, and calculate how long the 
paper occupied in travelling the measured distance. Such an arrangement is 
used for measuring distances travelled in small intervals of time. | 

The vibrations of such a bar are not due to the force of gravi- 
tation, but to the elasticity of the bar (Art. 120). 


os ' 


CHAPTER XVII 


Uniform and Accelerated Motion 

160. RATE OF MOTION.—The measurement of motion in 
volves space and time. A moving body travels a certain distanet 
from some point in a certain time, and we say that it moves fastet 


. 
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or slower according as it takes a longer or shorter time to travel the 
listance. This is the idea of speed or rate of motion. 

In mechanies the word velocity is generally used for rate of 
motion, and some writers include in the meaning of velocity the 
idea of the direction in which a body is moving. The velocity of 


the distance tray elled or the distance passed 


aon of a. body. is ——___———— 
y the time taken 


Over in unit time. 

. A body is moving with unit velocity when it passes over unit 
length in unit time, ie. 1 cm. per second (written 1 em./sec.). But 

the velocity of a body may change, hence it is necessary to dis- 

tinguish between uniform velocity and variable velocity. 

__ A body is said to have a uniform motion, or to be moving with 

ua orm velocity, when its rate of motion is constant, that is, when 

it passes over equal spaces in equal times. 

A body has a variable velocity when it moves through unequal 

¥ es im equal times. When this is the case we require to know 

sometimes its mean velocity during some period and sometimes its 
velocity at a particular instant. 

_ The mean velocity of the body is obtained by dividing the whole 

distance passed over by the total time occupied. 

_ The velocity at any instant is measured by the distance through 

which the body would travel in unit time if it maintained a uniform 

notion at the rate at which it was moving at ie instant in ques- 

a 

Questions of motion are often represented graphically. 

_ Below is a time table showing the times at which an express 
ain from A to F reached certain towns on its route:— 


Distance from A 


Town. Time. in Kilometres. 
te Se 12 o'clock > 4. .,.. 
oan LOO eta ness. 160 
2 Ga 0°40 ee 5.20 300 
Uf ea 7 ia | xe er 370 
Maes... OO ae es... 450 
1 BERS 540 


_ From these figures a graph is made (fig. 177), the successive 
‘points being joined by straight lines. 

If a straight-edge be placed along the graph from A to F it is at 
e seen that the line is not straight, which means that the speed 
the train was not uniform thronghout the whole distance—the 
listance is not proportional to the time. 
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‘he line deflects towards the horizontal, which is the direction 
of the axis of time; that is, the line along which time is measured. 
This shows that the speed was greatest during the early sections of 
its journey, and less during the later stages. 

Placing the straight-edge along the successive parts of the line, 
starting with the section A to B, the gradual change in the slope of 
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Fig. 177.—Graph of the Motion of a Body moving with Variable Velocity 


the line shows that, with one exception (D to FE), each succeeding 
section of the journey was travelled over at a slower speed than the 
preceding section, the difference being at first small, and in the last 
section much greater. 

Ex. 263.—From the figures in the table given above verify these conclusions 


by calculating the speed in kilometres per hour for each section of the journey, 
and the mean speed for the whole journey. 


161. ADDITION AND SUBTRACTION OF VELOCITIES. 

If a train travelling at 50 miles an hour passes another travelling 
in the same direction at 30 miles an hour, then we say that the speed 
of the first train with reference to the second was 20 miles an hour. 
If the two trains were travelling in opposite directions, then the 
speed of either train with reference to the other would be 80 miles 
an hour. 
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_ Ex. 264,.—(1) A body travels 100 m. in a minute, ixpress its velocity in 
imetres per second. 
_ (2) How far would a body go in 5 min. if its velocity is 30 em./sec, ? 
(3) Compare the following velocities :— . 
(2) 60 miles per hour with 22 ft. per minute. 
(6) 50 Km, per hour with 1000 em./sec. 


(4) The minute hand of a clock is 6 in. long. At what rate does the point 
ove in inches per second ? 


_ (5) The hour hand is 10 cm. long. At what rate does the point move? 

_ (6) A steamer is passing up a river at the rate of 12 miles per hour. A man 
valks up and down the deck lengthwise at the rate of 3 miles per hour. At what 
is he moving with reference to the shore? 


_ 162. ACCELERATION.—When a smooth ball starts rolling 
down a slope, and when an engine starts pulling a train, the 
‘Welocity of the moving body steadily increases as it proceeds. The 
Motion is therefore said to be accelerated. If the brakes are 
‘put on a moving train the velocity is diminished; a retardation 
or negative acceleration has heen communicated to the moving 
body. ~ We are only concerned with cases in which the acceleration 
regular. 

Suppose a train to start from rest, and to increase its speed 
regularly and steadily: suppose that at the end of 1 min. it has 
travelled 360 m. Then we have:— 

_ Mean Velocity.—Since the train travelled over 36000 cm. in 
60 sec. its mean velocity was 36000 + 60 = 600 em. per second. 
_ Final Velocity.—Since the velocity at starting was nothing, the 
final velocity was double the mean velocity = 1200 em. per second. 
_ Acceleration.—The velocity increased regularly in 60 sec. from 
to 1200 cm. per second, therefore every second its velocity was 
0 cm. per second greater than in the preceding second. 

_ When the velocity of a moving body regularly increases or 
sereases the change of velocity that occurs in any second is the 
asure of the acceleration. The acceleration of the train was 
em. per second per second (written 20 cm./sec.®), 

Confining our attention to bodies that start from rest the above 
ustration serves for any such body, and we may write the results 
2wn in general terms. 


Let the space passed over be s, 

the time occupied ¢, 

the average velocity during that time u, 
ape the final velocity at the end of that time », 
ode the acceleration g. 
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Then by referring to the numerical example above it will he 


seen that 
u= ; ors = wi, 


vo = Qu. 


(i) g = ~ or v = gt. 


From these equations others may be obtained thus: 
s = ut = fut = fof. 


- Gi) s = det 
yo = 2u = 2s X 
*. (ili) ¥V2-=seg8. 


The equations printed in thick type are those generally required 


in problems on moving bodies. 


is Ex. 265.—(1) What is the acceleration of an engine which, starting from 
rest, gets up a speed of 60 Km. an hour in 4 min.? 

(2) What is the negative acceleration or retardation of a train which, travelling 
at 30 Km. an hour, is brought to rest in 3 min.? 

(3) In what time will a body that is moving at the rate of 200 em. per seconc¢ 
have its velocity doubled. if its motion is accelerated at the rate of 5 cm. pel 


second ? 


163. ACCELERATION PRODUCED BY GRAVITY. —A 


force that acts on a body which is free to move produces motion 


Fig. 178.—Apparatus to show that all Bodies 
fall at the same Rate 


and continues to cause an in 
crease in the velocity of th 
motion as long as it acts; tha 
is, the motion of a body actet 
on by a force is continuous; 
accelerated. 

The commonest exampl 
of such a motion is that ¢ 
bodies falling freely unde 
the action of gravity. 


Ex. 266.—To show that 2 
bodies fall to the earth at the san 
rate. a 

By means of three threads whi 
pass over pins in a board (fig. 17! 
suspend three balls of differe 
masses—wood, iron, and lead s 
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suitable. Tt is better that they should be of the same size. The threads are 


anged to pass through one point, and the three masses are at the same height 
‘above the ground. 


_ Apply a flame at the point where 
_ the threads cross so that the balls are .s 
liberated at the same instant. > ~r 
They strike the ground at the same 
instant. 
_ All bodies large or small, 
_ heavy or light, fall at the same 
"rate, provided that nothing, such 
as the air, affects one more than 
another. 
Bodies falling freely under 
the action of gravity move so 
‘rapidly that it is difficult to 
‘form any correct ideas as to 
‘their velocities. The swiftness of 
the fall is due to the great mag- 
nitude of the earth’s attractive 
force. But if it is contrived 
that a falling body is pulled up- 
wards by a weaker force at the 
‘Same time that the force of 
ravitation is pulling it down- 
wards, the motion can be made 
‘to take place at any rate we 
please. Some of the following 
experiments in which this plan 
‘is followed are practicable in 
any laboratory. All should 
be made if possible. 
Ex. 267.—To show that a body 
Moving in a straight line under the 
action of a continuously acting force Fig. 179.—Falling Bodies move with 
Moves with accelerated velocity. Accelerated Velocity 
* (1) Set up a single movable pulley 
in the manner shown in fig. 179, with a metre scale behind the strings. Arrange 
the weights so that balance is obtained, 
Bo: ce a metronome or loudly ticking clock beside the apparatus. 
_ To one of the masses add a small weight. Pull this weight up close to the 
pulley, and hold the string. Liberate the string at a tick of the metronome, and 
y trial arrange a board so that the descending mass hits the board at the next 


of the metronome. 
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; ‘ 
Make several careful observations, and take the mean of the distances for 
the space s, travelled in 1 sec. ‘ 
(2) In a similar manner determine the distance s, travelled over in 2 sec. 
Then s, is the distance passed over in the first second. 
And s, — & is the distance passed over in the second second. 
The latter is found to be greater than the former. 
Ex. 268.—To show that the acceleration is greater when the force is greater. 
Repeat the previous experiment with the same masses, but using a little 


greater added weight. 
Find as before s, and s, — s,. The difference between these spaces is greatel 


than before. 


In such experiments the earth’s pull upon the added weight is 
the force: the mass moved is the sum of all the weights and that 
of the string and the pulley. | 
~The amount of the acceleration is thus seen to depend upon th 
relation between the moving force and the mass that is moved 


Fig. 180.—Apparatus to Measure Acceleration (Fletcher's) 


This relation may be better studied by means of the apparatu 
shown in fig. 180. | 

A long heavy trolley, which is the mass to be moved, is place 
on a smooth board. The moving force is a weight which 
attached to a string that passes over a pulley to the trolley. — 

On the upper face of the trolley is a sheet of paper. Fixe 
by an arm to the base board is a vibrating spring which carri 
a pencil. The length of the spring is adjusted so that it mak 
(say) ten vibrations a second. When the spring is set in vibrati¢ 
and the trolley in motion a wavy line is traced out on the pap 
which enables the velocity of motion of the trolley to be found. 
» Ex. 269,—Weigh the trolley and place weights upon it until the whole ms 
is say 1 Kg. Put it at its starting-point, and exactly parallel to the striz 
Attach a weight of say 50 grm. to the string, holding the trolley meanwhi 
Start the spring and liberate the trolley. Examine the curve traced out, : 
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The line traced out by the pencil is of the 
form shown in fig. 181, which is drawn on milli- 
metre paper, so as to show on a reduced scale 
the distances passed over during the first 10 semi- 3 SEC. 
oscillations of the spring. 

The appearance of the curves at once shows 
the acceleration. 

The following table gives the information to 


*1 SEC. 


be obtained from the curve:— ssieassss 
“5 SEC. 
e. ae i 
Time _ Total space s _ 28 | 6 Hy 
intervals passed over . el sited He 
t= ‘lsec. | in ¢ intervals of eccen.s ve 
each interval. | ©4¢ch interval. 6 SEC. ts 
2 eee “44 : 
= <8 ‘24 ; 
68 | 68 =a A 
—___—____ = —— ‘21 -7SEC. 
1°33 89 = 
20 a ‘21 
2-2 1:10 ae 
ae So "24 
3°34 1°34 = 
ae oval 23 *8SEC 
4°7 1°57 ae 
= on a 23 
6°3 1°80 se 
a "22 
8-09 202 | —— 
| ae = ‘23 : 
9 SEC. 
10°11 2°25 —__— g 
— a 22 
12°33 2°47 


The first two columns are obtained from th. 
curve itself. (Verify the numbers.) The third sec. 
column, which shows the velocity with which the 
trolley is moving at the end of each interval, is 
ealeulated from the values of s and ¢ by the Borinie the ‘Meet 
formula » = 25 + ¢ (Art. 162). tion of a Moving Body 
The acceleration is the amount of velocity that 
8 added during each interval, and is obtained from column three 
y subtracting each velocity from the one that succeeds it, The dif. 
erent values obtained for the acceleration are approximately equal, 


inne tt Thi TIT ITT iy 
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the differences being due to inequalities in the apparatus, or to 


errors In measurement. 


Ex. 270.—Repeat Exercise 269 keeping the mass moved the same, but using 


a different force, say 60 grm. 


Find the value of the acceleration as before. : 
It will be found to be greater with 60 grm. than with 50, in the ratio of 6 to 5. 


The acceleration produced is proportional to the force that 


causes the motion. 


164. ATWOOD’S MACHINE.—Fig. 182 shows an Atwood’s 


Fig. 182.—Atwood’s Machine with 
Recording Tape (Cussons) 


| machine, which en- 
Mla ables accurate mea: 
4+ surements to _ be 
made. 

It is like the 
apparatus of fig. 179. 
but made so as t 
reduce friction as fai 
as possible, and t 
allow of the time taken in the fal 
to be more accurately measured. 

A tape made of paper carries twt 
masses, as in Exercise 267, and passe 
over a smoothly running pulley. On 
of the masses being made slightl) 
heavier than the other by means of : 
rider (an added weight) descends, an 
the tape runs over the pulley. 

Exactly above the pulley is a pene 
which is carried by a vibrating spring 
as in the apparatus of fig. 180. Fror 
the curved line traced out on th 
paper the necessary information 
obtained. 

Fig. 183 is a copy on a reduce 
scale of curves obtained in this wal 
A scale is shown at the side. TI 
vibrator made 10 oscillations per se 
ond, so that the time is obtained t 
counting the bends in the curve; tl 


distance is obtained by measurement of the length of tape. 


‘The first tape shows— 


aa Time. Distance. 
"  4sec. (5 vibrations) ...  8°6 units. 
; 4 1 ” (10 ” ) nee 34°2 ” 

mie. (15 _,, te =taokay (ene 


_ The times are in the 

= ratio 1 :2 :3. 

The distances are very 
;. nearly as 1°; 22: 32, 


o _ Thus it is shown that the dis- 
tance fallen is proportional to the 
Square of the time in accordance 
with the equation s = 49? 

| Ex. 271.—Measure the distances in 
e second tape of fig. 183, and show that 
the space passed over in 1 sec. is very nearly 
_ £ times that passed over in } sec. Repeat 
for the third tape. : 

Ex, 272.—Make for each of the curves 
@ table like that from Exercise 269, and 
_ deduce the acceleration for each. It is of 


ferent value for each curve. The moving 
hts in the three curves were in the 
of 1:1°5:2. The accelerations will 
found to be in the same ratio, thus 
owing that when a force acts on a mass 
d sets it in motion the acceleration pro- 
ced is proportional to the force, 


moval of the rider took place at 
@ point marked x. Above that 
int the gradual lengthening of the 
essive curves shows the acceler- 
ation, Below that point the curves 
all of equal length, showing that 
en the force that produced the 


steady uniform rate. 
These curves should be carefull 
understood, 


Millimetres 
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RIDER ACTING ON MASS GIVING ACCELERATION oe 


— UNIFORM MOTION WHEN RIDER IS REMOVED 


Fig. 183,--Curves taken on an 
Atwood’s Machine. (By permis- 
sion of Mr. G. Cussons.) 


eration was removed, the moving masses continued in motion 


y studied until they are quite 


65. VALUE OF g.—The acceleration of a body which falls 
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freely under its own weight is called the acceleration due to gravity, 
and is generally signified by the letter g. 4 . 

From such observations as those above the value of g may be 
calculated. 

Thus: In one experiment the two masses were each 340 grm., 
the wheel was equivalent to 54°5 grm., and the small added weight 
was 6°8 grm. 

The acceleration was found to be 8°97 cm. per second per second, 

Then a force of 6°8 grm. acting on a mass of 680 + 54°5 + 6's 
= 741-3 grm. was found to give an acceleration of 8-97 cm./sec.*. 

*, a force of 741:3 grm., ie. the whole weight of the mas: 
acting on a mass of 741°3 grm. would give an acceleration 


8:97 x 741°3 
6°8 
= 978 cm./sec.? 


The accepted value of g is 981 cm. pet 
second per second. 

The time occupied by a body in falling 
a known distance under the acceleration 0 
gravity may be ascertained with consider 
able accuracy by an apparatus such as tha 
shown in fig. 184. 

A pendulum in the form of a rod is sus 
pended on a knife-edge. Beside the knife 
edge hangs a metal ball. The ball is sus 
pended by a thread which, passing ove 
pulleys, also holds the pendulum at the ex 
tremity of its swing. This thread is burned 
and the pendulum and bob are thus liberate 
at the same instant. The length of th 
pendulum and its time of vibration are 8 
arranged that the ball falls the length ¢ 
the pendulum while the pendulum move 
through half a single swing, ie. from if 
extreme to its central position. 

The time (f) occupied by the pendulum in making this ha 
vibration is obtained by finding the time occupied by 50 complet 
single swings and dividing this time by 100. The position 
pied by the ball at the beginning of the experiment is accurate 
marked, and on its arrival at the end of its fall the ball marks ¢ 
‘ 


Fig. 184.—Apparatus for 
Determining the Value of g 
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the pendulum where it strikes. The distance between these 
marks is the distance of falling. The falling ball must be chalked 
“or covered with lampblack to leave a visible trace of its contact. 
Then the value of g is calculated by placing the values of s and 
- ¢thus obtained in the equations = }gf?. 

‘i Example.—The height of fall in an experiment was 183 cm., and the time of 
Vibration of the pendulum was 1°22 sec. 


. Then 183 = 49 ('61)%. 
866 
g = —— = 984. 
y (61)? 


In the figure the bob is suspended so as to just touch the side 
of the rod when the rod is vertical. Then when it reaches the 
bottom it knocks against the side of the rod and makes a mark. 

Greater accuracy is ensured by arranging the top pulley so that 
the beb is in front of the knife-edge, a plate being fixed on the 
bottom of the pendulum on which the bob falls. The rod should 
be long. Its time of vibration may be made suitable by slidin: 
Weights that can be held in any desired position by screws. 


CHAPTER XVIII 
The Second and Third Laws of Motion 


_ 166. MOMENTUM.—Suppose that you strike a nail with a 
hammer. You may hit the nail harder 

(i) by making the hammer move faster; or 

(ii) by using a more massive hammer. 

To give a light blow to a tin tack you use a small hammer, and 
do not move it very quickly. To split a large hard block a man 
uses a heavy sledge hammer, and swings it round so as to get up 
@ quick motion. 

‘ This difference between a large mass which is moving fast and 
a small mass which is moving slowly is called a difference in quan- 
tity of motion or momentum (plural, momenta). 

___ All moving bodies possess momentum. A body not in motion 
possesses no momentum. If a moving body be brought to rest 
its momentum is destroyed. 

_ Since it is only by the action of force that a body at rest can be 


ee 
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set in motion, or a body in motion be brought to rest, any change in 
the momentum of a body must be produced by the action of some force. 


Ex. 273.—To show the connection of momentum with mass and velocity. 
(1) To one end of a piece of string tie a weight, and attach the other end of 
the string to the hook of a spring balance which is firmly fixed and hangs verti- 
cally beside a metre scale. Hold up the weight, and allow it to fall a measured 
distance. The spring balance shows an extension of the spring. 
Repeat for various heights of fall. Record heights of fall and readings of the 
spring balance. An examination of the readings shows that the longer the fall 
the greater the extension of the spring. Now, the greater the extension of t 
spring the greater was the average force that it exercised in bringing the mass 
to rest; also, the longer the fall of the weight the greater was its velocity ol 


motion when it began to act upon the spring. | 
Hence the greater the velocity of ¢ 


moving body the more force is requirec 
to destroy its momentum. | 

(2) Using the same spring balance 
and the same distance of fall, emplo; 
different weights, and record for eacl 
the weight and the extension of th 
spring. 

This set of observations shows tha 
the greater the mass of a moving bod; 


the greater is the force required 
destroy its momentum. 


The momentum of the movin 
bodies in Exercise 273 was pro 
duced by the force of gravita 
tion, and destroyed by the fore 
of elasticity in the dynamometet 
The amount of the momentur 
of the moving body as shown b. 
its effect on the spring increas€ 
with the mass of the body an 
with the velocity with which : 
is moving. : 

Fig. 185.—The Ballistic Pendulum The experiments on acceler 
tion in Chap. XVII showed thi 

the velocity of motion of a body which is acted on by a constal 
force regularly increases with time; its momentum therefore reg 
larly increases with time so long as the force continues to act on ; 
The product of the force acting, and the time during which 
acts, is taken as a measure of the effect of the force in producit 
momentum. This product is called an impulse, 4 
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- Experiments on momentum may be best made by studying the 
affects of an impulse of short duration by means of an apparatus 
‘such as that shown in fig. 185. <A rectangular block of wood 


on 
., 


whose volume is about a cubic decimetre is suspended by threads 
of 1 or 15 m. in length in the manner shown in the figure. 
Beside the block a plumb bob is suspended so that, when hanging 
freely, the bob just touches a side face of the block. 

A horizontal scale is placed alongside the block to measure the 
stance moved by the block when struck by the plumb bob. 

Two or three plumb bobs of unequal masses are required, and 
their masses must be known. 


_ Ex. 274.—To compare momenta. 

(1) Having arranged the ballistic pendulum (fig. 185), draw the plumb pob to 
one side, and let it fall against the block. A few preliminary experiments will 
show that the distance through which the block is moved varies aecofding to 

@ distance through which the bob travels. Since the oscillations of a simple 
adulum are performed in the same time, the velocity of motion of the bob at 
€ moment when it reaches the lowest point of its path is proportional to the 
ance through which it has travelled, and is always the same whatever its 
ss may be; therefore, as we are only dealing with comparative effects, we 
y enter this distance as a measure of its velocity v. Thus the distance through 
ich the bob travels along the scale is entered as v. 

Using the plumb bob whose mass is m, make a careful set of observations 
lh different values of v, and for each read the displacement of the block, 
eating each observation two or three times, and taking the mean in order to 
fain a@ more accurate result. 

(2) Take a similar set of observations with another plumb bob whose mass 
M, arranging your values of V so as to get the same set of values for the dis- 
pla us of the block as before. 

Record the results in a table, thus :— 


First Plumb Bob. Second Plum) Bob. | 
misplacament of |— Z | i ——— 
ock. : Mass xX : Mass x 
Mass m. aes Velocity | Mass M. nee Velocity 
; mv. : MV. 


%) Compare the values of mv and MV in the first line of the table. The dis- 

wwement of the block was the same in the two cases. Are the products mv and 
approximately the same? 

‘Similarly, compare the pairs of products of mv and MV in the succeeding 
3 of the table. 
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Usually none of them quite agree, because of errors in the observations. The 
errors will probably to some extent cancel each other if you add up the values of 


mv and the corresponding values of MV. 


Experiments of this nature show that if a mass m, moving with 
a velocity v, strike a body that is at rest, and communicate to the 
body the same motion as is communicated by another mass moving 
with a velocity V, then mv = MV. | 

The general idea of momentum given above may now be re- 
placed by the statement:—The momentum of a moving body is 
equal to the product of the number of units of mass that it 
contains by the number of units of velocity with which it is 
moving. : 

The unit of momentum is that possessed by unit mass moving 
with unit velocity. This unit has no universally accepted name. 


167. A body that is in motion, and which therefore possesses 
momentum, may have a new motion given to it and therefore a nev 
momentum. Thus, suppose a lamp is at the bottom of the mas' 
of a ship in motion: the lamp is moving with the ship and pos 
sesses momentum in that direction: now suppose it to be haulec 
steadily to the top of the mast. A new momentum has beet 
given to it by the force which is pulling it up. The total mo 
mentum of the lamp has been altered, and its direction has als 
been changed. The change of momentum is proportional to th 
force that produced it, just as if the ship had been at rest. 

Experience shows further that any change in the momentum 
of a body is equal to the product of the force that produces it b 
the time during which the force acts. 


Momentum = Force x Time. 


All these considerations are included in the statement know 
as the Second Law of Motion, which is:— 3 

The change of momentum of a body is equal to the impuls 
which produces it, and takes place in the direction in whic 
the force acts. 


168. ABSOLUTE UNIT OF FORCE.—This law furnishes 1 
with a new method of measuring force, viz. by the momentul 
that it imparts to a body. 

In the previous chapters, forces were measured by compari 
them with the weight of 1 cub. cm. of water. But this w ig 
differs in different places. Hence, although practically this unit | 


4 
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e is very convenient, it does not fulfil the scientific requirement 
of constancy. | 

But the same impulse acting on a body always produces the 
same change of momentum. We therefore define the absolute or 
dynamical unit of force as that force which, acting on unit mass 
for one second, changes its momentum by one unit. 
Employing C.G.S. units the same statement may be made in 
this form:—The absolute unit of force is that force which, when 
applied to a mass of one gramme during one second, imparts to 
the mass a velocity of one centimetre per second. This unit of 
force is called a dyne. 

____ The connection between the dyne and the weight of 1 grm. may 
be thus shown. Suppose a mass of 1 grm. be allowed to fall for 
“1 sec. Then its velocity at the end of the second is 981 em. 
_per second; to give it a velocity of only 1 cm. per second there 


would only be required a force = 93] 8'™- 


Thus 1 dyne = as 


a 98] the weight of 1 grm. 


A In the same way the absolute unit of force in the British system, 


“which is called the poundal = AS the weight of a pound, because 
2-2 ft. — 981 cm. che 


'  £xample.—The following example illustrates the connections between the 
Various quantities. Suppose that a force of 20 dynes has acted for 30 sec. on a 
_mass of 10 grm. originally at rest; then we have:— 


(a) Impulse = Force x time = 600 units. 
-. Momentum = 600 units. 

(6) Momentum = Mass x velocity 
-. Velocity = 600 +10 = 60 cm./sec, 

(ec) Velocity = Acceleration x time 
.”. Acceleration = 60 + 30 = 2 cm./sec,? 


(d) Space passed over = Mean velocity x time 
= 30 x 30 = 900 cm. 


Ex. 275.—(1) Calculate the momentum of a mass of 20 grm. which has 
Aallen from rest for 5 sec. 

___ (2) Compare the momentum of a cannon ball whose mass is 100 Kg., moving 
with a velocity of 600 m. per second, with that of a locomotive engine whose mass 
‘is 50000 Kg., moving with a velocity of 40 Km. an hour. (Reduce the quantities 
to grammes and centimetres.) 

(8) Calculate the acceleration produced and the momentum acquired in half 
® minute— 
; (a) When a force of 40 dynes acts on a mass of 1 grm, 
(b) When a force of 32 poundals acts on a mass of 64 lb, 
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(4) A mass of 1 Kg. is moving at the rate of 10 m. per second. A force 
then set to act on it, and 1 min. later the body is found to be moving at the s 
rate in the opposite direction. Calculate the value of the force that was intro 
duced. 


169. ACTION AND REACTION.— When one body acts 
forcibly on another we often direct our attention only to one of 
the bodies. But both are affected, and forces are called into play 
in opposite directions. x 

If you strike an object with your hand you feel that the effect 
is the same as though the object struck you. 3 

If a glass flask be knocked against a stone the effect is the sam 
as if the stone were knocked against the flask. Be 

The experiments in Chap. X show that when pressure is 
exerted on a confined mass of air the air presses back. q 

In Experiment 124, where a light body was pushed down int 
water, the water exerted a backthrust. q 

When a force is exerted on the spring of a dynamometer so as 
to extend it, the spring exerts a force in the opposite direction. 

In many cases it is not so obvious that there is a second. fore 
acting against the first. A book placed on a table presses on th 
table. But the table must press back against the book; otherwis 
the book would fall under the influence of the force of gravitatiot 
If a man stand on a piece of board, upward from which proje 
two handles, he cannot by lifting vertically raise himself and th 
board. The upward pull which he exercises with his arms is exact 
counteracted by an increase in the downward pressure transmitte 
through his feet. 

Ex. 276.—Repeat Exercise 190, first attaching the dynamometer to t 
keeper, and having the magnet fixed; and secondly having the keeper fixed, @ 
applying the dynamometer to the magnet. Compare the pulls in the two cas 

If gravity is acting on one of the bodies, its effect (ie. the weight of the keep 
or magnet hanging on the dynamometer) must be subtracted from the pull re 
tered by the dynamometer, in order to get the magnetic force alone, 


Thus not only does the magnet attract the iron, but the im 
attracts the magnet exactly as much. The attraction is mut 
This experiment illustrates the action of the earth on the bod 
we deal with. The earth pulls them down. They pull the eat 
up. We see bodies fall under the influence of this foree, but 
cannot see the earth rise to meet them, because, owing to its gr 


mass, the distance through which it moves is extremely small. 
In the same way, if one sits in a boat on a lake and pulls at: 
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1 of a rope attached to another unmoored boat, both boats move 
bly towards each other. But if the object at the other end of 
le rope is a small block of wood, only the smaller mass wil] be seen 
ymove. In reality both move, one much, the other little. 
‘Ex. 277.—Take a tall vessel with a 
ole closed by a cork or tap near the 
) sttom of the vessel, fig. 186. 
~ Fill it with water and float it upright 
‘™ a larger vessel of water. 
_ On opening the tap, water flows out, and 
vessel moves backward in a direction 
Site to the flow of the water, 
The pressure of the fluid in the vessel 
S out a jet of water, and at the same 
“me & pressure is produced in the opposite 
rection. 


This result is similar to that 
which occurs in the firing of a gun 

ded with ball. The ball is pro- 
led forward and the rifle back- 
id. The “kick” back of a rifle 
ry decided. In large guns, 


as those used on war ships, the recoil of the gun is very 


Fig. 186.—Recoil of a Discharging Vessel 


is principle is expressed in the Third Law of Motion :— 


40 every action there is always an equal and contrary 
action. 


EX e277 a.—Point out how t 


he third law of motion is concerned in the 
alking, in the starting of a cart 


act of 
wheel, and in the propulsion of a bicycle, 


CHAPTER XIX 
Principle of Work 


“170. WORK.—Suppose a man carries a load from the bottom 
the top of a building, or wheels a barrow along a road, or digs 
2 earth, or adds up columns of figures, we ordinarily say he does 


mechanics we are not concerned with ment 


al work, but only 
ork which is done by the exercise of force o 


n matter, 


fe) 
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And whatever exercises force, whether it is man, animal, eartl 
or magnet, as described in Chap. XI, is said to do work, when tk 
matter acted on moves against the action of the force. 

Suppose you push hard all day against a wall, in mechani 
we should say that you have done no work. If you push a truc 
along a level road all day, we should say that you had dor 
work (against friction). 

The simplest example of work is that done in raising a weigh 
A man lifts 1 Kg. weight up through a height of 1 m.: he does 
certain amount of work. If the height is 2 m., he does twice : 
much; if the weight is 2 Kg., he does again twice as much. 

In this way work is measured. The practical unit of work 
the amount of work done when 1 grm. is raised through a heig 
of 1 em. This unit is called a gramme-centimetre. 

In English units this statement becomes: A unit of work (call 
the foot-pound) is done when the weight of 1 lb. is raised throu 
1 ft. 


Ex. 278,.—Find the number of units of work done in the following cases :— 


(1) A weight of 25 grm. is raised through a height 16 cm. 

(2) A man draws 16 buckets of water up a well. The bucket weighs 3 I 
and holds 10 litres. The depth of the well is 25 m. 

(3) By a single fixed pulley a man raises 1000 bricks, each weighing 3 
on to a scaffold 52 ft. above the ground. 


We have seen in Chap. XI that the reason why matter |} 
weight is that the earth is pulling it. Therefore in the instan 
given in the previous exercise the reason why work had to be de 
in raising the masses was because there was a force opposing 1 
motion. 

Work is done whenever a body is moved against an opposi 
force. 

Ex. 279.—Drag a body steadily along a table by means of a spring bala 


Record the distance the body moves (x cm.), and the reading of the dynamom 
(y grm.). Then the work done is xy grm.-cm. 


In this example there is no thought of the mass that is mov 
The result might have been just the same if the mass had b 
different and the smoothness of the table also different. 

Thus the essential idea of work is that a force is exerci 
through a certain distance. And the number of units of % 
one = the number of units of force x the number of units of le 
through which the force has worked. r. 
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- * 
EX. 280.—Calculate the number of units of work done in the following 
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(1) A man weighing 70 Kg. clim 
(2) A steam engine workin 
well 50 m. deep. 


(3) A boy throws a stone weighing 300 grm. to a height of 20 m. 
(4) An engine pulls a train f 


or 30 miles against a resistance equal to the 
weight of 900 Ib, 


171. WORK DONE ON A 
only concerned here w 


bs a mountain 4000 m. high, 
§ & pump raises 10000 litres of water from a 


ND BY A MACHINE — We 
ith the principle of work so far as is 
ing of the simple machines when they 


Ex. 281.—Set up the simple arrangement of 
Arrange the values of F and W so that they r 


W has ascended a distance 9. 


Find the product 
t), and the product w x q (the 


work done on the 


ciple of machines. 
6) Find the values of the ratios 7 and ~ The ratio ; 
distance moved by the effort . ; ; 

— ; called t f 
iis toyed by the load i led the velocity ratio o 
machine. The results show that the velocity ratio, if friction 
absent, is equal to the mechanical advantage (Exercise 247), 
282.—Wheel and Axle,— 


Using the apparatus of fig. 158, make a set 
deriments exactly as in the ] 


ast exercise, obtaining a number of values of F 
and the corresponding values of w and q. Then— 


(a) Compare r x p with w x q; that is, the work done on each side, 
b) Obtain the velocity ratio”, and compare it with the mechanical 


tage obtained in Exercise 241, 


. 283,—The Lever, 


advan- 
Are they equal? 


Obtaining exact balance, as in fig. 153, displace the 
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beam a little from the horizontal, so that the load at the end of the shorte 
arm ascends and the effort at the end of the longer arm descends. 

Measure the distances moved through, and make the same determinations anc 
comparisons as in the two previous exercises. 


172. The hydraulic or Bramah press is a machine by mean: 
of which very great resistance is overcome by a small effort. 

Fig. 187 shows a glass model, wit 
the iron framework indicated by 
dotted lines, and fig. 188 a section oi 
a working type of hydraulic press. 

One side of the press consists of ¢ 
pump, the piston or plunger of whick 
works in a small cylinder a. Wher 
the piston rises, water enters through 
a valve shown at F in the model. This 
valve opens upwards. When the pistor 
of the pump descends, the valve 
closes, and the water is forced along 
the tube Cc, in which there is a valvs 
E, that allows it to pass but not t 
return. 


Press 


Thus at each stroke of the pump water passes along © into 
strong chamber v. Into this chamber there passes a plunger 
which carries at its top a platform Pp. Thus the action of th 
pump, owing to the transmission of the pressure by the wate 
causes A to rise, and a heavy weight on B’ may thereby be raise 
The sectional area of the plunger A is much larger than that of : 
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If a has 100 times the area of @ then a pressure of 1 Ib. on « pro- 
duces a pressure of 100 lb. on A. The lever L allows of consider- 
able pressure being exercised on a, and therefore of very great 
pressure on A. The platform B’ (fig. 188) often has a framework 
round it. Any object placed on B’ is thus pressed against the top 
D with great force. 

The mechanical advantage of the hydraulic press may be made 
_ very large indeed by making the arms of the lever very unequal 
and applying the effort to the long arm, and by making one piston 
much larger than the other. 

But the work done by the effort is here, too, as much as or more 
than that done by the resistance. For many strokes of the pump 
have to be made in order to force up the large piston through 
a small distance. 


173. The above experiments illustrate and to some extent 
demonstrate what machines do. 

Exercise 281 shows that when a man raises a weight by means 
_of a pulley he does the full amount of work required to raise the 
weight. Suppose he has to get a ton weight up from the bottom 
of a hole. He cannot move it alone. He attaches a rope to it 
and uses a pulley of many sheaves. He pulls, and a great length 
of rope passes through his hands. He exerts a small effort through 
_ a long distance, and the heavy weight is raised a short distance. 
The pulley does no work. The man does the work. 

Similarly with the other machines. An effort is applied to 
some part of the machine, and work is done at some other part of 
the machine; but this work done is never more (and is generally 
less) than the work done by the man or engine that exerts the 
effort. 

No machine multiplies the work done by the agent. 

The.uses of a machine are (a) to enable force that is applied at 
one point to move matter at some other point; (b) to enable an 
agent exerting a small] effort rough a long distance to overcome 
a great resistance through a short distance. 
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PART IV.—HEAT 


CHAPTER XX 


General Effects of Heat on Matter 


174. COMBUSTION OF FUELS.—Ordinary experience shows 
that some things will burn and others will not 


Ex. 284.—Light a candle. Note the appear- 
ances of the flame as it travels down the wick. A 
new process now begins. A cup-shaped hollow is 
formed partly filled with liquid, 

Observe the flame and the wick—the colours of 
different parts (fig. 189). From these appearances, 
which is the hottest part of the wick? which the 
coldest ? 

Blow out the candle. Note the long trail of 
whitish smoke. Quickly put a lighted match in this 
smoke about an inch off the wick. What is the 
result ? 

Thus the effect of heat upon the material of which 
the candle is made is to turn the solid into liquid, 
and the liquid into smoke which can be set fire to. 
The candle itself is slowly disappearing, “ burning 
away”, and heat and light are given out. 

What becomes of the material of which the candle 
is made? To answer this question, hold the bottom 
of a flask full of cold water above the flame so as to 
Just touch the wick. 

What appears on the bottom of the flask? What 
on the sides ? 


We have got soot (carbon) and water 
from the burning of a candle. But the 
candle has gone and cannot be recovered. 


Fig. 189.—Structure of a 
Candle Flame 


Ex, 285,—(1) Place some pieces of solid paraffin in a test tube fitted with 
179 


180 


a cork and delivery tube, as in fig. 190, and heat the substance carefully until — 
it boils. Light the gas that issues from the delivery tube. 
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The flame does not fill the test 
tube. The issuing gas only burns 3 
when air is present. 

(2) Place a narrow tube over . 
lighted candle, so that no air can 
get in at the bottom of the tube. 

Does the candle burn ? 

Most substances will not burn 
unless air is supplied. (Ex. 32574 


An examination of a 
lighted lamp shows the same 
general results, the main dif- 
ference being that the material 
used is liquid already and 
requires no melting. The 
liquid is converted into a gas 
and the gas burns. 

The substances burned in 
candles and most forms 


Fig. 190.—'‘he Burning of Gas from Solid Paraffin lamps are fat, tallow, and oil. 


Tallow is the name given to 


fat procured from certain animals. Oil is obtained from a 


sources; some from animals, some from vegetables, some 


mineral substances. 


Fig. 191.—The Bunsen 
Burner 


Ex. 286.—Coal Gas. Light a Bunsen burner. This 
heating apparatus, fig. 191, consists of a fine gas jet inside 
a tube, at the bottom of which are holes to admit air. 

Examine the flame; note the colour and the 
amount of light it gives out. Put a piece of iron wire 
in the flame. The effect on the wire shows that the 
flame is very hot. 

Hold a flask of water over the flame as before, but 
not too near. What appears on the flask? 

Close the air holes at the bottom of the burner bj 
means of the metal slide. Note the change in the ap 
pearance of the flame. Place a cold flask over this flame 
and compare the effect with that previously o 
and also with that obtained in Exercise 284. 

Place a piece of iron wire in the flame, and try % 
judge whether the yellow flame is as hot as the blue flame 


This experiment confirms the last, that air plays an importan 
part in the burning of bodies. 


a 
i 
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_ Ex. 287.—Coal. Into a clay pipe place enough coal dust to about three- 
urths fill the bowl. Cover in the top with a plug of moist clay, and place the 
pe bowl in a flame or fire (fig, 192). 

Note the smoke issuing from the stem. 
old a flask containing cold water in the smoke. 


_ Apply a lighted taper to the smoke. Hold 
~acold flask just above the flame. Examine the 
_ deposits on the flask. 

Continue the heating until no more smoke 
_ issues from the stem. Allow the pipe to cool. Fig. 192. —The Manufacture of 
Shake out and examine the contents. We have Coal Gas 

amass of charcoal (carbon). The gas that burned 

is substantially the same as that supplied to light towns, but contains impurities. 
_ Repeat the experiment with the apparatus shown in fig. 193. A tarry liquid 
condenses in the cold part of the apparatus. From the gas with which towns 
are supplied the tar has been extracted at the gas works. 


oe Fig. 193.—A Distilling Apparatus 


_ The apparatus shown in fig. 190 is really the same as that 
shown in fig. 192. Most of the experiments in this section can be 
made with a similar apparatus. In some cases, instead of burning 
the gas that comes off, it is desirable to condense it. This may be 
done by altering the arrangement to that shown in fig. 193, where 
the delivery tube is shown leading into a small flask immersed in 
cold water. Such an apparatus is really an elementary distilling 
apparatus. 

_ The arrangement shown in fig. 190 can be converted into that 
of fig. 193 at any moment by an indiarubber connection. The 
test tube is best’ fixed nearly horizontal. 


Ex. 288,—Wwood. Using the apparatus of fig. 190, fragments of wood or 
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sawdust are placed in the tube and strongly heated. The wood becomes charred. 
Gas is given off: light it as it issues from the delivery tube. 

Blow out the flame, and add the condensing 
apparatus, fig. 193. Note the formation of water, 
and of a brown liquid in the cold flask. The latter 
contains tar. 

After a time, gases cease to come off from the 
wood, and charcoal is left in the tube. If the char- 
coal be taken out, placed in an iron spoon, and kept 
white-hot for a time in a fire or Bunsen flame, it 
will gradually get smaller until nothing is left but 
a greyish-white ash, which is not carbon. 

Leaves of plants—green or dried—may be treated 
in the same way. Compare the amounts of water 
given off in the two cases. The residue left is 
mainly carbon, as was the case with wood. 

A small plant, such as a root of grass free from 

Fig. 194 Heating Matter in earth, may be placed on an iron dish or in a porce- 
a Crucible lain crucible (fig. 194) and heated slowly. A large 
quantity of water vapour is given off; the plant 

turns black and shrivels up, the remains being chiefly carbon. 


175. ORGANIC SUBSTANCES. — Animal matter and food- 
stuffs may be treated in much the same way, the changes taking 
place generally with less heating. 


Ex. 289.—Lean Meat. Placing some small pieces in the apparatus of fig. 
193, apply heat gently. The meat gives off a quantity of vapour, which may be 
collected on a cold surface, and proves to be water. 

A charred black mass is left. 


Ex. 290.—Blood. Use the apparatus of fig. 193. Place a small quantity of 
blood in the test tube, and heat it gradually and not too strongly. Liquid 
condenses in the cold vessel co. Note its appearance and smell. 

There remains in the test tube a black solid mass, which, when dry, is brittle 
Powder a portion of this black mass; put the powder into an evaporating dish. 
and heat it. It may at first swell up, but after a time most of it burns away 
leaving only a small quantity of ash that will not ‘burn. 


Ex. 291.—Bone. Take a piece of fresh bone, such as the leg bone of a fowl 
Hold it by tongs in a hot fire or flame. Vapours are given off. When thes 
cease to rise from it remove the bone from the flame, and allow it to cool 
The substance that remains is called bone ash: it is white and brittle, of muel 
the same nature as egg-shell, 


c 


Bread may be treated as in Exercise 288. 


Ex. 292.—Sugar. Crush some sugar into powder. Place it-in an evape 
rating dish (fig. 195), and heat it gently. 

The sugar melts into a pale-yellow liquid which gradually darkens in colour. 

Continue the heating until the liquid boils. Clouds of vapour are given ef 


a apply a lighted match above the mass. Ab a certain 
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e Place a lighted match in the vapour. It is extin- 
_ guished by the water that is present, 
When the water has all been driven off, again 


stage the whole takes fire, and swells up into a spongy 
mass. This is carbon. 


Ex. 293.—Starch. Starch is an important article 
of food. Rice, potato, arrowroot all contain starch. 

Using the apparatus of fig. 193, place a small quan- 
tity of dry powdered starch in the tube and heat it. 
The starch becomes charred, and water is driven off 
into the cold vessel. Again we have left in the tube 
& mass which is mainly carbon. 


Ex. 294,—Milk. Place a small quantity in a 
porcelain dish. Heat it slowly and carefully, stirring 
_ it occasionally with a glass rod, and taking care that 
the milk does not quite boil. Vapour comes off. Hold a cold flask in the 
vapour. Water condenses on the flask. ; 

If the heating be continued nearly all the water is driven off. The solid mass 
that is left contains carbon, and small quantities of iron and other substances. 


176. Many mineral substances are changed by heat. 


Ex. 295.—(1) Heat a piece of gypsum in the apparatus of fiy. 193. Water 
is given off, and a white powder—plaster of Paris—is left. 

(2) Heat a piece of marble strongly in an iron spoon in a fire. Gas is driven 
off ; the marble loses weight ; and quicklime is left. 


177- METALS.—Metals do not as a rule burn under ordinary 
conditions. 

But zinc, lead, and iron in the state of fine powder will burn 
if small quantities of the powder are taken between the finger and 
thumb and allowed to fall into a hot flame, such as that of a Bunsen 
burner. Zine shavings also burn readily. Even iron burns vigor- 
ously in large quantities when air is forced through it in a Bessemer 
furnace. 

The metal that burns the most easily is magnesium. If a short 
piece of magnesium ribbon be held with tongs and one end placed 
in a hot flame, the metal burns rapidly and gives out a brilliant 
light. 

But although metals do not usually burn they are greatly 
affected by heat. 


Ex. 296,—Take a small strip of copper foil, and another of sheet iron, and 
clean them with emery paper. Then hold them by tongs in a flame or fire so 
that they become strongly heated. 

Note the colours that appear on the bright surfaces. After some time the 
copper will appear black and the iron grey, When this has taken place allow the 
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metal to fall into cold water. Scales may fall off. If they do not, scrape the 
surface. The detached parts are not at all like the original metal, but the scraping 
shows the bright metal underneath. ‘ 

By weighing before and after the heating it is found that the metal increases 
in mass. : 

Ex. 297.—Heat a quantity of scraps of tin in a porcelain crucible. The tin” 
soon melts. Note the colours on the surface, and the formation of a film. Scrape 
the film to one side a little and disclose the metal. ‘ ‘ 

Allow the mass to cool a little until a surface crust has formed. Pierce the 
crust, and pour out the liquid. Examine the under surface of the crust. Tin is” 
crystalline in structure. | 


178. TEMPERING AND ANNEALING.—Steel is made by 
mixing very small quantities of other substances with iron when 
it is in the condition of a hot liquid, and there are many different 
kinds of steel differing in composition. : 

Ordinary steel of which tools are made is iron that contains 
a little carbon, and has been prepared in a special manner. 


Ex. 298.—Treat a few small pieces of clean bright steel (we will call them 
A, B, C, D for facility of reference), such as needles, knitting needles, pieces of 
watch spring, in the following manner :— 


(A) Make red-hot, and allow to cool slowly. When cold this steel is rather 
soft, and may be scratched by a knife or a sharp piece of glass. It 
will bend rather than break. | 

(B) Make red-hot, and cool suddenly by quickly dropping it into water, 
Such steel is very hard, and will be found to scratch iron and glass, 
It will not bend, but breaks. 

© Prepare several pieces, B, ©, D, of this hard steel. 


Take three pieces of hardened steel, brighten their surfaces, and heat them 
slowly and gradually, watching the surface carefully. The steel changes colour, 
becoming first of a light straw colour, then, as it gets hotter, yellow, brown, and 
blue. 

When B first shows the faint straw colour, drop it quickly into cold water. 
Do the same with c when it is brown; and with pD when it is blue. The whole 
process through which B, c, and D have gone is called tempering. The three 
pieces now show different degrees of hardness. 8 is of the temper of which tools 
are made for cutting metal; c is of the temper suitable for knives and chisels; D 
is of the temper suitable for making springs, saws, and magnets (see Art. 307), 

Ex. 299.—Wind some thin steel wire round a circular ruler, and thus make 
two similar coils or springs. Temper them, one as B above and one as D, Suspend 
them by one end, hang a small weight on each, and allow them to oscillate up 


and down. Note the differences in their stretching, and in the rate of their 
vertical oscillations, 


179. GLASS.—Experiments showing the effect of heat on glass 


may be made on glass tube, the elementary manipulation of which 
is useful in a laboratory. | 
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Ex. 300.—Take a piece of soft quill tube, and hold it lightly in the fingers 
over a flame. The flame should be flat and long, such as that of a paraffin lamp 
_ or a bat’s-wing gas burner. 

Bring the tube slowly up into the flame, as shown in fig. 197, and steadily 
 fotate it. The glass becomes red-hot and softens, and may be bent, as shown in 
_ fig. 196, where (a) is a proper even bend, and (5) is a bad one. 


Fig. 196 Fig. 197 
How to Bend Glass Tube 


Remove the tube slowly from the flame, and allow it to cool slowly. 


Repeat the experiment, suddenly plunging the hot bend into cold water. The 
_ tube will probably break. 


Ex. 301.—Take another piece of tube, heat it in the flame as before, and 
when the glass is soft or plastic draw the hands apart horizontally. The hot part. 
" Of the tube is drawn out, and by breaking it at the narrowest part when it is 
cold, two fine nozzles are obtained. 


__ All ordinary glass vessels are after manufacture allowed to cool 
very slowly in special ovens. This process is 
called annealing, and has the effect of render- 
ing the glass less easily broken. 
Glass that has been suddenly cooled is in 
a strained condition. Pieces of glass thus 
prepared, called Rupert’s drops (fig. 198), are 
Sold by instrument makers. When the tail of a Rupert’s drop is 
_broken off the whole drop is violently reduced to powder. 


180. CHANGE OF PHYSICAL STATE PRODUCED BY 
HEATING AND COOLING.—We have now to watch the pro- 
cesses by which a solid substance is changed into a liquid and 
the liquid into a vapour by means of heat, and reconverted into 
solid by means of cold. Many substances will show this effect. 


Fig. 198.—A Rupert's 
Drop 
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Ice and many other substances thus treated behave in the same 
manner. 


: 

Ex. 303.—Water. Gently distil a quantity of spring water by the same 
method, and watch the whole process. Note the bubbles of air that at first collect 
on the sides of the tube, the formation of bubbles of steam, their varying si : 
the invisibility of the steam itself in the flask. The steam when cooled con- 
denses into “distilled” water, which is free from air and impurities. A small 
quantity of solid matter, probably chalk and gypsum, is left behind after th : 
water has all boiled away. : 

Ex. 304.—Camphor. Place a piece of camphor in the tube (fig. 193), and. 
warm gently. 

Without liquefying, the solid passes into the gaseous state, and the gas con- 
denses again into a solid in the cold tube. : 

This process is called sublimation. Iodine, white arsenic, sal ammoniac, and 
calomel behave in a similar manner. : 
181. EXPANSION.—The volume and density of most sub- 
stances is changed by heat- 
ing them. } 


Ex. 305.—Gases. (1) Fit 
a flask with a well-fitting india- 
rubber stopper and straight de- 
livery tube, and place the mouth 
of the delivery tube under water 
(fig. 199). Warm the flask by a 
burner, or by placing it in the 
sunshine or near a fire. Note 
the escape of bubbles of air. — 

(2) Place a partially inflatet 
bladder near a fire or in hot sun 
shine. The increase in volum 
is considerable. Does the en 
closed air return to its origina 
volume on cooling? What wouk 
be the effect of making th 
bladder very cold? ‘ : 


Ex. 306.—Liquids. Tak 
the flask used in the last experi 
: ment. Fill it up to the brit 

Fig. 199.—Expansion of Air when Heated with water. Screw in the stopp. 

with the tube already in it, ¢ 

that no air is left in the flask. Tie a millimetre scale to the glass tube, an 
" 
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Fig. 200.—Expansion of a Liauid 
when Heated 


support the flask on a retort stand in a beaker 
of water, as shown in fig. 200. Note the level 
of the water in the tube. 

Warm the beaker. Note the steady con- 
tinuous rise of the water in the tube as heating 
proceeds. Do not allow the water in the beaker 
to boil. 

Take away the flame, and note the steady 
fall of the water in the tube as it gets cooler. 


Ex. 307.—Solids. (1) The apparatus 
shown in fig. 201, called a Gravesande’s ring, 
will demonstrate the expansion of solids when 
heated. 

Supported on a stand is a metal ring, the 
hole through it being of just the right size to 
allow a solid metal ball to pass through it when 
cold. Heat the ball strongly in a fire or over 
a burner. It will then, as indicated in the 
figure, be too large to pass through the hole 
in the ring. 

(2) The same result may be shown by the 
apparatus shown in fig. 202, consisting of a rod 
and gauge. These are carefully made, so that 
when they are both cool the rod exactly fits 
the jaws of the gauge. If the rod be heated 
it will not go into the gauge. 

Ex. 308.—Stretch pieces of thin wire side 
by side, between the rings of two retort stands 
or similar suitable uprights, so that the wires . 


‘ are straight. 


Fig. 202 


Expansion of a Solid when Heated 
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Pass a flame along the wires; note that they bend or sag like telegraph 
If the wires are of different materials the amount of bending will not be th 
same in the different wires. 3 


Ex. 309.—Take the flask and tube fitted up for Exercise 306 (fig. 200). 
Fill it with cold water or other liquid, so that the liquid stands up the stem 
of the tube. 
Place the flask in a beaker of hot water. Note the fall of the liquid in the 
tube. 
The fall is due to the expansion of the flask, which being in contact with the 
hot water at once expanded, before the liquid inside had time to get hot. 


182. CHANGE OF ELASTICITY. ek 


Ex. 310.—Support one of the steel springs made in Exercise 299 at one end, 
and hang a small weight on the other end. Heat the spring by a flame. Does 
the weight move? Does the spring recover on cooling? The heat has produced 
a change 1 in the elasticity of the spring. If it has been only slightly heated, the 
spring recovers its elasticity on cooling; if strongly heated it may not recover. 


Ex. 311.—Place a fully inflated toy balloon in front of a fire or in hot sun- 
shine. Test the pressure at intervals with the finger. What is the effect of 
heating a quantity of gas in a confined space when no bursting occurs? Does 
the pressure of the gas return to its original value on cooling? 


183. SUMMARY.—The experiments made in this chapter show 
some of the chief effects of heat on matter. 

(a2) Some substances, such as fat, oil, coal, wood, easily buial 
producing heat and light. When sufficient heat is applied to one 
part of such a body, the whole body gradually wastes away and 
disappears. We found, however, that these substances gave off 
gas which was inflammable, and often carbon in the form of 
soot, while water could sometimes be obtained from the gas that 
passed off. 

Other substances which are not generally regarded as inflam- 
mable—for example, some metals—burn when suitable arrange- 
ments are made for burning them. 

The burned substances disappear, but other substances are 
formed during the burning, so that the matter of which they are 
made is not destroyed; it changes its form only. When the sub- 
stances that are formed are collected and weighed, it is found that 
none has been lost. Matter ts indestructible. 

Changes of this character are called chemical changes. Many 
substances are composed of several others called elements, and in 
a chemical change these elements make themselves up into new 
groups or combinations, which means a different kind of substance. 

(5) Other organic substances—animal and vegetable substances, 
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bone, blood, lean flesh, milk, sugar, bread, starch — when heated 
Ronly to a moderate degree, changed their weight and appearance, 
“gave off gases, and left material very different from that with 
which the experiment was started. 
The substances in this group underwent the same kind of change 
as those in the previous group—a chemical change. Most organic 
substances are very complicated in their structure, and under the 
“Influence of heat their elements form different combinations result- 
ing in the production of different substances, among which are 
usually carbon and water. 

(c) The metals behaved rather differently, but in one impor- 
‘Want respect the same. In place of the metal after heating we 
had a different substance, produced by the chemical change that 
the metal had undergone by combination with oxygen in the air. 

(d) Another class of substances—glass, sulphur, water, camphor 

—on hcating were not destroyed or changed into other substances, 
but passed into a different condition. The glass became soft, the 
sulphur melted, the sulphur, water, and camphor passed into vapour. 
But in these cases, on cooling, we again obtained the substance 
with which we started, and not a different substance. Many solids 
when heated pass into the liquid state; and many liquids when 
heated pass into the gaseous state. But if the stuff of which they 
are made remains unchanged, then the change is called a physical 
change or change of state, not a change of composition. 
__ (¢) Experiments 305 to 309 illustrate the fact that nearly all 
substances—solid, liquid, or gaseous—expand when heated. The 
same quantity of material occupies a larger volume when warm than 
when cold. If cooled, it shrinks and occupies less volume. Thus 
the density of a substance is not always the same; it is smaller 
when the body is hot, and larger when the body is cooled. The 
value of the densities measured in Chap. VI therefore are only 
orrect at ordinary temperatures. 

(f) Experiments 310 and 311 illustrate the fact that the 

‘lasticity of a substance is changed by heating it. 


; 
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CHAPTER XXI 


‘Temperature. The Thermometer 


184. TEMPERATURE.—In the previous chapter we heated 
bodies more or less, making some warm, others hot, and others 
very hot, using merely the general impressions which everyday 
experience gives as to the practical meaning of such terms. J 

The scientific way of saying that a body is hot or cold is that 
the body is at a high or low temperature. Temperature is the state 
of a body with regard to heat. But temperature is not heat. If we 
take a spoonful of hot sweet liquid from a larger quantity, the 
small quantity is as sweet as the larger, but does not contain ai 
much sugar. So, too, the small quantity is as hot (is at the 
temperature) as the larger quantity, but does not contain so muck 
heat. One cubic centimetre taken from a litre of hot water is 
at the same temperature as the remainder, but only contains z¢9q 
of the heat contained in the litre. 

Quantity of heat is dealt with in Chap. XXIIL. 

Change of temperature is a change in the con 
dition of a body that sometimes follows upon th 
addition or withdrawal of a quantity of heat. 

Within certain limits we can by our sensation 
tell which bodies are at a higher temperature that 
others. But the sensation is painful if the tempel 
ature is above or below, those limits, and it ofte 
gives unreliable results. To give accurate intimé 
tions—that is, to measure temperature—an instrt 
ment is used called a thermometer. The departmer 
of science that deals with the measurement of ten 
perature is called thermometry. 


185. THE THERMOMETER.—The principle ¢ 
the thermometer and its mode of construction me 
be illustrated by making an alcohol thermometer. 


Ex. 312.—The general idea has been learned in Exe 
cise 306. A glass bulb is provided with a long tabul 
stem. To the top of the stem, by means of indiarubber tal 
Fie. 208 s. ara fit a small funnel (fig. 203). Fix the tube vertical, and iz 

ment for Filling the fannel pour alcohol in sufficient quantity to fill the bulb @ 
a Thermometer tube; it may conveniently be coloured with aniline magent 
’ 
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Bring up a beaker of boiling water, so that the bulb is immersed in it. What 
_ effect does this produce? 

After a short time remove the hot water and allow the bulb to cool. Why 
does alcohol enter the bulb? 

When alcohol ceases to descend bring up the hot water again as before. The 
alcohol in the bulb boils, and its vapour carries out air with it, as in Exercise 152, 
» After a short time remove the hot water. More alcohol enters the bulb. Con. 

| tinue these heatings and coolings of the bulb, until all the air is driven out and 
the bulb and stem are completely full of alcohol. Seal the top of the stem with 
cement, sealing wax, or by the blowpipe. Allow the apparatus to cool. As the 
temperature decreases, note the fall of the alcohol in the stem of the tube. 


| Whenever such an instrument is heated the liquid rises in the 
tube, when it is cooled the liquid falls, so that rise of temperature 
_ brings about a rise of the liquid column in the thermometer, and 
fall of temperature a fall of the column. Since 
there is no means of measuring temperature 
directly, it is measured indirectly by the change 
of volume of the liquid. 


186. THE MERCURY THERMOMETER. 
—The liquid ordinarily used is mercury, which 
possesses the advantages of not adhering to the 
glass, and remains in the liquid state at all 
temperatures in ordinary daily use. Fig. 204 

shows two mercury thermometers, one such as 
_is ordinarily used in houses, mounted in a wood 
ease, the other such as is employed in labora- 
tory work. The chamber formed by the hollow 
bulb and stem is closed at the top when the 
‘instrument is hot, so that when the instrument 
is cold there is a vacuum above the mercury. 
The bore of the tube must be as uniform as 
it can be made. 


187. SCALES OF TEMPERATURE. — 
Examine the divisions marked on the mercury 
thermometer. They are called degrees, marked °, 
‘and we speak of a temperature of 20°, 80°, &c. 

To form the scale it is necessary to deter- pip. 904. Forms of Mer- 
mine two fixed points on the stem of the in- — cury Thermometer 
strument, showing the position of the top of 
the mercury column at two fixed temperatures. The two tempera- 
tures chosen are the freezing and boiling “points” of water. 
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Ex. 313. —To test the freezing-point of a mercury thermometer. Place 
funnel in the ring of a retort stand, and underneath it an empty beaker. In 
funnel place a mercury thermometer (fig. 205) and the 
alcohol thermometer made in the last experiment. __ 

Prepare some small pieces of ice and wash than, 
Pour them into the funnel until they cover both bul 
up to the level marked 0° on the mercury thermo-' 
meter, and nearly up to the top of the alcohol column, 
A little distilled water should be added to the ice. 

Leave the thermometers in this position for several 
minutes to make sure that they take the imperial 
of the melting ice. 

Take the reading of the mercury thermometer 
accurately. This may not be quite at the zero. In 

old thermometers the position of 
the surface of the mercury at 
freezing temperature is often a 
little above 0°. This is due to a 
gradual contraction of the bulb, 
which forces the mercury higher 
up the tube. The glass having 
been subjected to great changes 
of temperature during the manu- 
Fig. 205.—Testing the Freezing- facture of the thermometer, be- 
points of Thermometers comes strained, and takes some 
time to recover. The gradual 
return from this state is accompanied by a diminution of the 
volume of the inner chamber. 

With a small file make a mark on the tube of the alcohol 
thermometer to record the same temperature (0° C.). 

As melting ice is always at the same temperature, it is 
agreed to take this temperature as the starting-point in making 
a scale of temperature. 

Record the zero error of the mercury thermometer em- 
ployed in this experiment. 


; 
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Another fixed point is necessary: and for this 
the temperature at which water boils is chosen. 


Ex. 314.—To test the boiling-point of a thermometer 
accurately, a hypsometer is used. A simple form is shown in 
fig. 206. It consists of one tube inside another. 

Fix the tubes vertically, with the thermometer passing into 
the inner tube, which is open at both ends. Pass the lower 
part of the smaller tube through the stopper of a flask in which hs bean oa 
water is boiling, so that the steam passes up the smaller tube, , Sieaianaiall 
round about the thermometer, out at the open top of the small 
tube, into the outer tube, escaping finally into the air at the ~ 
bottom of the large tube, The outer tube forms a steam jacket for the inne 
one. 
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When the whole apparatus is hot, and steam is escaping from the exit tube, 
push the thermometer down through the indiarubber stopper at the top, until the 
top of the mercury column is just above the stopper. When steam has been thus 
passing for several minutes, read accurately the level of the mercury and also the 
height of the barometer. 


ca 


The temperature at which water boils is not 
_the same at all times and places (Art. 213), and 
the point marked 100° may therefore not be that 
indicated by the thermometer in the steam pro- 


: set zeit) Bp. 
ceeding from the boiling water. Thermometers 
are made to indicate 100° when the barometer 
stands at 760 mm. at the level of the sea. 
The space between the fixed points on a 
mercury thermometer may be subdivided in one 
of three ways, thus (fig. 207) :— 
| Number of 
| Freesing-| Boiling- | Divisions be- | 
Name. point point | tween Freezing- 
Marked. | Marked. point and 
| | Boiling-point. 
j—<$<$____ Ss 
Centigrade (C.) ) 0° 100° | 100 
Fahrenheit (F.) ... | 32° 212° 180 | 
}Réeaumur (R.) ...| 0° 80° 80 | ne ay FP 


The Centigrade scale is now generally used 
in scientific work. The Fahrenheit scale is in 
popular use in Britain. 

The degrees are marked both above and below 
freezing-point. In any scale those below zero 
(0°) are marked minus thus, —16°R., which is co RF 
the same as —20° C. or —4° F. Fig? 80) cionipaniain 

Fahrenheit marked his zero 32° below freez- of Temperature Scales 
ing-point; the Centigrade and Réaumur zero 
is at freezing-point. This makes the comparison of Fahrenheit 
Yeadings with Centigrade or Réaumur readings a little compli- 
cated. 

Let f, ¢, r be corresponding temperature readings on the F., C., 
and R. scales. Since 180 Fahrenheit scale divisions occupy the 
same space as 100 Centigrade or 80 Réaumur divisions, the numbers 
expressing any temperature, if they all started from the same zero, 


would be inversely as the above numbers, i.e. Sf, 2c, 27, would be the 
(0 406) 14 
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numbers indicating the same temperature. But since the Fahrer 
heit scale starts at 32° below freezing point the relation becomes: — 


, f= 82 ab SF, 


This is for temperature readings. For comparison of intervals C 
temperature it need only be noticed that 9 Fahrenheit, 5 Cent 
grade, and 4 Réaumur divisions occupy the same space. | 

Mercury thermometers are made which show temperatures u 
to 300° or 400° C. They contain (above the mercury) nitroge 
gas under a high pressure. 


Ex. 315.—To complete the alcohol thermometer immerse it side by side wit 
the tested mercury thermometer in a water bath, and slowly heat the bath. A 
every 10° rise of the mercury mark the level of the alcohol up to 60°. The spac 
between these marks may be equally divided to mark single degrees. 


188. MAXIMUM AND MINIMUM THERMOMETERS.- 
It is often required to know what has been the highest or lowe 


temperature during any period. Instruments constructed to affor 
this information are called mazimum and minimum thermometers, an 


Fig. 208.—Maximum and Minimum Thermometers 


are made to be self-registering. Fig. 208 shows Rutherford’s may 
mum and minimum thermometers. These are entirely distin 
instruments although mounted on one stand. 

In the minimum thermometer the liquid used is alcohol, 
which there is placed a small dumb-bell-shaped index (n) of gle 
or enamel. The alcohol wets this index, and the tension of t 
alcoholic surface (Art. 78) exercises a sufficient force on » to ke 
it inside the liquid. When the alcohol contracts, therefore, t 
index keeps just inside the surface, but when the liquid expan 
the index is left behind. Its position thus indicates the lows 
point reached. 

In the maximum thermometer the liquid used is mercury, @ 
the index c, which is of steel, is placed outside the mercury. ‘Sit 
mercury does not wet steel, the index is pushed in front of t 
mercury when the liquid column advances, and is not carried ba 
when that column retreats. 2 

These instruments should be placed horizontal. 


e 
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189. DIRECTIONS FOR USE OF THERMOMETERS 
= 1. When not in use keep them in their cases. 

2. Do not plunge them into very hot liquids if i€ can be 
avoided. See that the mercury never closely approaches the 
highest graduation mark. 

____3. Before taking the temperature of a liquid, see that the liquid 
‘is thoroughly stirred. 


_ 4. Before taking a reading see that it is steady. Estimate to 
tenths of a degree. 


Ex. 316.—(1) Draw a graph showing the connection between the Fahrenheit 
‘and Centigrade scales of temperature. A portion of the graph round the freezing- 
point temperature (marked F.P.) is shown in fig. 209. 
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Fig. 209.—Conversion of Centigrade and Fahrenheit Temperature Readings 


(2) By means of the graph, and also by calculation, find the equivalent— 


(a) On the Fahrenheit scale of 25° ©., 35° C., —25° C., —40° C. 
‘ (5) On the Centigrade scale of 77° F., 95° F., —13° F., —40° F. 
(3) Take the temperature of a room for a period at regular intervals, and show 
graphically the changes of temperature. (See instructions for Exercise 162 (8).) 
_ (4) The temperature of a body is raised through 52° C.; its original tempera- 
ture was 45° F. What is its final temperature on the F. scale? 
(5) Find the first two coincident scale divisions above freezing-point on the 


F. and C. scales. 
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CHAPTER XXII 


Conduction, Convection, and Radiation 
of Heat 


190. Previous experiments, as well as everyday experience, shor 
that heat can pass from one body to another. There are thre 
different modes by which this transference of heat may take plac 


191. CONDUCTION.—If one end of a pin, knitting needle, ¢ 
similar piece of any metal be placed in a flame or fire, those par’ 
of the metal that are not in the fire are felt to become hot or war 
according to their distance from the flame. The heat slowly trave 
along through the substance of the metal. This process is calle 
conduction: it is the way by which heat is transmitted throug 
solids. 

Ex. 317.—Place rods or strips of several different materials, such as coppt 
iron, glass, wood, lead, ebonite, all about of the same size and length, with o 
end close to the edge of a flame. Do not let the rods touch each other. 

After a few minutes feel the cooler ends. They are not all equally war 
Write down the list of substances in order of the hotness as you estimated it 
the cooler end. 


The experiment shows that the various materials do not condu 
heat equally well. Those that felt the hottest are good conducto: 
and are said to possess high conductivity or conducting powée 
those that felt the coolest have lower conductivity. Metals are t 
best conductors of heat. 

A rough classification of solids into good and bad conduete 
may be made by touch. Ina room where there is no fire to ma 
one part hotter than another, if different articles be touched s01 
will feel colder than others. Thus any piece of metal feels col 
than any piece of marble or earthenware; this feels colder th 
any object made of wood; and this colder than the carpet or a 
piece of woollen material. The explanation of this lies in the f 
that these substances vary in conducting power. Those that f 
the coldest are the best conductors; those that feel the warm 
are the worst. But in reality the substances are all equa 
warm. The good conductors feel cold because the part touck 
hy the hand rapidly transmits the heat to the rest of its substan 
all of which begins to grow warmer. Much heat is therefore tal 
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from the hand; hence the sensation of cold. The bad conductors 
do not feel cold, because they only take from the hand enough heat 
to warm just the part touched. 

If these same substances were touched in a very hot room the 
effects would be exactly opposite. The metal would feel the hot. 
test, because it would readily give out its heat to the hand; the 
carpet would feel the coldest, because heat cannot travel through 
its substance to the part touched. 

_ A piece of dry wood can be handled without pain on a frosty 
night, when a piece of metal cannot, because the wood, being a bad 
Conductor of heat, abstracts heat from the hand but slowly, whereas 
metals abstract heat rapidly and thus produce a sensation of great 
cold. 

Most solids, except the metals, are bad conductors of heat. 

If the bottom of a kettle be covered thickly with soot it may 
be placed on the hand when full of boiling water without causing 
pain, since soot is a very bad conductor of heat. 

If a sheet of fairly stiff paper be folded, and then opened into 
a cone, and water poured into the cone, it may be placed on the 
top of a fire. The cold water prevents the outside of the paper 
from becoming hot enough to take fire. 


EX. 318.—Hold a piece of wire gauze over a jet of gas, and light the gas, The 
appearance of the flame will be like the left-hand figure (210) if the gas be lighted 


i 


Fig. 210.—Action of Wire Gauze on Flame ad 
e 


below the gauze, and like the right-hand figure if lighted above the gauze. The 
eason is that the gauze conducts away the heat so fast that the gas on the side 
pposite to where the flame is applied does not get hot enough to ignite, 

To make the experiment with a spirit lamp, light the lamp and hold the gauze 
ver the wick. Blow out the flame and rapidly relight it above the gauze. 


This fact is made use of in the miner’s safety lamp (fig. 211), 


th ig ec 
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which is an ordinary lamp with the flame surrounded by wire 
gauze. ‘In coal mines gas that will burn is often present in the air. 
Such gas passes through the wire gauze and burns inside the lamp, 
but the flame does not pass outside. Thus the miner knows when 

inflammable gas is present. | 


Ex. 319.—If a piece of tissue paper be tightly 
stretched over the bowl of a metal spoon a flame playing 
on the paper does not set it alight. 

If a rod of metal be fastened to a rod of wood (fig. 
365), both covered tightly 
with a sheet of paper, and a 
flame played on them, the 
paper in contact with the wood 
becomes scorched much sooner 
than that in contact with the 
metal. 


\ 
i 

In these and similar 
cases the heat is con- 
ducted rapidly away by 
the metal, so that the 
material in contact with 
the flame does not get 
very hot. 


192. COMPARISON 
| OF THE CONDUCTI- 
VITIES OF METALS. 

—This may be effected 7 


‘earl 
ats | 

‘l. | 
Fig. 211.—A Miner's by the apparatus shown the Doeductivay aa 
Safety Lamp in fig. 212. (Edser’s Apparatus) 


Ex. 320.—Rods of dif- 
ferent metals have one end passing into a metal vessel. The rods are coated 
with paraffin wax, and each one carries a small coil of wire. | 

A quantity of hot water or other liquid is placed in the vessel. As the hea 
is conducted along the rods the wax melts, and the coils of wire slip down as fai 
as the wax melts on each rod. These lengths are different. ; 

The apparatus is left for some time, and the distances from the bottom o 
the vessel to the bottom of the coils are measured. The conductivities of the rod 
are proportional to the squares of these lengths. 


Se 


| 


193. CONDUCTIVITY OF LIQUIDS. 


Ex. 321.—Tie a piece of metal or wire gauze to a lump of ice, and put it 
the bottom of a long test tube or boiling tube. Fill the tube with water, 
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apply heat to the top of the tube 
Pit. 213). The water at the top 
_ may be made to boil while the ice 
at the bottom is unmelted. The 
water conducts very little heat 
ze down the tube ; the bottom remains 
“| quite cold. 


: Most other liquids (not 


: metals) are still worse con- 
’ ductors, but mercury is a 


good conductor. 


* 1094. CLOTHING.—The 
chief function of clothing is 
to prevent the natural heat 
‘of the body from escaping. 
The keat of the body results 
from a process similar to that 
which goes on in an ordinary 
fire, namely, the combination 
of carbon and hydrogen with ==> — 
oxygen. The oxygen re- Fig. 213.—Boiling of Water over Ive 
quired for this process comes 
from the air, the carbon and hydrogen is contained in our food. 
Warm clothing prevents the escape of this heat, cool clothing 
allows it. Clothing which prevents the escape of heat from the 
body does so mainly by keeping the body surrounded with air, 
which, like all other gases (except hydrogen), is a very bad con- 
ductor of heat. This air is contained in the small cavities of the 
material. A bird in a cage may be observed on a cold night to 
stick out its feathers so as to surround itself with a thicker layer 
of non-conducting air, a process very similar to adding an extra 
blanket to a bed. The air contained in snow plays a similar part. 
Snow lying loosely on the ground contains ten or eleven times as 
much air as it does ice, and this layer of ice and air acts.like a 
blanket, and keeps the earth warm. 
Similarly, ice is kept from melting by being wrapped in flannel 
or felt, which is a bad conductor of heat, and does not allow warm 
air to come in contact with the ice. 


195. CONVECTION.—When a quantity of liquid is heated in 
a vessel the heat does not pass from the bottom to the top in the 
manner in which it passes along a rod. 
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Ex. 322. _—Place some water in a large beaker, and under one side of the 
beaker put a ‘small flame as in fig. 214. 

Place in the water some material that willl 
show its movements, such as small pieces of bran 
or fine oak sawdust; or just above the flame a 
coloured crystal that will dissolve. ‘ 

A continual circulation of the water takes 
place, currents passing up the warm side and down 
the cold side. The water immediately over the 
lamp becomes heated, expands, and being thus 
bulk for bulk lighter, rises to the top, while the 
colder denser water at the top sinks to the bottom. 
This in its turn is warmed and rises to the top 
again, and so on. 

It will be seen that this process depends on 
the fact that liquids expand when heated. The 
energy with which it takes place is greater in 
fluids in which such expansion is great. 

The effect is increased by placing a lump of 


Fig. 214.—Arrangement for show- 
ing Convection Currents 


ice in contact with the cool side of the 
beaker. 


Ex. 323.—By arranging a series of 
tubes which may be joined at the angles 
with indiarubber tubing in the form of 
fig. 215, interference of the currents is 
avoided. If such a circuit be filled with 
turbid water containing small particles, 
it is seen that water flows steadily up 
that vertical tube which is warmed and 
descends through the colder tube. 


196. OCEAN CURRENTS. 
— These currents form a very 
complicated system, owing to the 
obstacles offered by the large land 
masses to their free flow. They pig 015 The Circulation of Liquid 
are caused by the winds and by in a Continuous Tube 
the inequality of temperature in 
the different parts. From the equatorial regions the warm surface 
water flows outward north and south towards the polar regions 
There it becomes chilled and sinks to the bottom, along wh | 
it slowly creeps towards the tropics, there to rise and recom 
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the same round. A general circulation is thus always going on 
(fig. 216). Compare with Exercise 323. 
The Gulf Stream.—This is one of 
the most remarkable of ocean currents. 
It flows from the Gulf of Mexico north- 
eastward across the Atlantic Ocean. 
When the Gulf Stream issues from the 
Straits of Florida its waters are of a 
high temperature. It travels fast, and 
at first keeps quite distinct from the 
waters of the Atlantic, through which 
it flows like a river between its banks. 
Far out in the Atlantic, however, it pig 916. General Circulation of 
loses this definite character and _ be- Ocean Waters 
comes a general diffused drift of water, 
which divides into two parts. One of these currents turns south- 
east towards the coast of Africa, the other continues towards the 
north-east and washes the shores of Great Britain, Ireland, and 
Norway. To these countries it gives out vast quantities of heat, and 
thus renders their climate much warmer than it otherwise would be. 


yr Sa 


197. GASES.—The movements of the air are common ex- 
perience. They are convection currents. 
Ex. 324.—Apply a lighted taper or match to the 
crack round a room door which is very nearly closed. 
The movement of the flame will show any move- 
ment of air in or out of the room. Notice its move- 
ments. 


These will vary to some extent accord- 
ing to the temperature of the room and the 
temperature outside, but generally there will 
be found to be a draught in at the bottom, 
and a draught out at the top of the door. 
If one room be warmer than an adjacent 
room the flow is towards the warmer room 

- at the bottom of the door, and in the 
opposite direction at the top. 

Ex. 325,.—Set up a lighted candle standing in 
shallow water surrounded by a lamp glass or any 
other tube not of large diameter (fig. 217), The 


candle not being able to obtain a supply of air, is Fig. 217.—Circulation of the 
soon extinguished. Air set up by Heat 


, iy 
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Repeat the experiment with a partition of a T-shaped piece of cardboard or © 
tin in the top of the glass. 
Examine the air currents on each side of the partition by means of a lighted 
match. What is observed ? : 


The action of chimneys is an illustration of convection in the — 
air. When a fire is lighted in a grate the air above it is heated, — 
expands, becomes bulk for bulk lighter than the surrounding air, 
and therefore passes up the chimney, its place being taken by other 
air from the room, which in its turn is replaced by air from outside. 
If air cannot get in from outside the smoke cannot ascend the 
chimney. 

Light a lamp and note the effect of putting on the chimney. 
The lamp requires a great deal of air in order to burn brightly. 
When the chimney is put on, a stream of hot air comes out at the — 
top and a stream of cold air enters at the bottom. 7 

The taller the chimney the © 
stronger the draught. Hence — 
factories that require a large — 
hot fire build tall chimneys, — 
and some lamps require taller 
chimneys than others. : 

Mines are often ventilated — 
by this means, as illustrated 
in fig. 218. Two shafts are — 
bored, one at each end of the — 
—— \\|. workings. At the bottom of 
BR. WRC N \N one shaft a fire is kept burn- 

Fig. 218.—Ventilation of a Mine ing, and consequently up this 

shaft there is always a cur- 

rent of warm air. Cold fresh air passes down the other shaft, 

circulates through the passages, and ultimately reaches the fire, 
where it is warmed and ascends. | 

Convection takes place much more energetically in gases than 
in liquids, owing to the large amount of expansion produced by — 
heat and to the freer movement of gaseous particles among one 
another. 
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198. WINDS.—Winds are currents of air on a large scale. 
They are produced mainly by the heating effect of the sun. The 
air in the region of the equator is being continually heated; it — 
expands, rises to the higher regions, and there flows away on both 
sides towards the poles (fig. 216). The place of this air thus — 
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removed is taken by air which flows from temperate regions along 
the earth’s surface towards the equator. Thus the general atmos- 


 pheric circulation is brought about. 


The Trade Winds.—The trade winds are steady winds that 


blow along the surface of the earth towards the equator for about 


1600 miles on each side of it. 

The direction of these winds is in the northern hemisphere from 
N.E. to S.W., and in the southern hemisphere from $.E. to N.W. 
If the earth were at rest the directions would be from N. to 8. and 
S. to N. respectively; in each case straight from the pole to the 
equator. But the earth turns from W. to E., and the air over any 
large area at any time, speaking roughly, goes round with that area. 
lf the air does not go round so fast as the land underneath it, there 
is a wind from the east. 

As the earth revolves on its axis every point on its surface 
except the poles (so far as this motion is concerned) describes a 
circle, a point near the equator a large circle, a point near the poles 
a small one. Since each of these circles is described in 24 hours, 
it follows that an area near the equator travels faster than an area 
near the poles. As air then moves from the pole towards the 
equator, it is at each moment coming on to parts that travel faster 
to the east than it does. It therefore lags behind and seems to an 
observer to come somewhat from the east; while it still keeps on 
its journey towards the equator. The result of these two motions 
is that it comes from the N.E. relatively to an observer in the 
northern hemisphere, and from the S.E. in the southern hemisphere. 

Variable Winds.—But there are many local differences on the 
earth’s surface which interfere with the regularity of the process. 
When the air above any region of the earth’s surface is at a 
different temperature from that in an adjacent region, a wind gene- 
rally blows from the colder region to the warmer at a low level, 
and in the,opposite direction at a higher level, as illustrated in 
fig. 216. 

In time, however, the air that has risen from the warmer area 


becomes chilled, as it is a general fact that the higher we go into 


the air the colder it is. 

Hence this upper air gradually descends to the surface of the 
earth, and the regularity which takes place near the equator is 
disturbed. Temperate latitudes have more variable winds. 

Land and Sea Breezes.—At the seaside a wind often blows 
from the sea towards the land during most of the day, and from 
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the land towards the sea during most of the night. The former — 
is called a sea breeze, the latter a land breeze, and their origin is — 
to be found in the fact that the sea cools and heats more owig | 
than the land on account of its great capacity for heat (Arts. — 
203 and 204). In the daytime the temperature of the land is 
higher than that of the water, consequently the air above the land 
becomes more heated, expands and rises, and the cooler air from 
over the sea flows in. During the night the land cools faster than 
the sea, so that the air over the sea is then the warmer. This 
air in its turn ascends, and the colder air from over the land flows — 
towards the sea. 

The monsoons are land and sea breezes on a large scale. In the 
summer when the large area of Central Asia is hot, a regular wind 
blows towards it from the Indian Ocean. In the winter when — 
the land is cooler than the ocean the wind blows in the opposite — 
direction. © 

Cyclones are winds which pursue a circular or curved path. — 
Owing to the motion of the earth, a mass of air in the northern — 

hemisphere that starts moving © 
southward is gradually deflected — 

\ more and more towards the west, 
— 7 while a mass moving northward is — 
deflected towards the east. Con- 
sequently, when from any cause 
a the atmospheric pressure over an — 
— area E (fig. 219) falls, and air be- 
gins to move in towards the low- — 

pressure area, the air to the north 

ae: of E has a westerly tendency, and 

k that to the south of E an easterly 
tendency. This starts a rotatory — 
Fig. 219.—The Formation of aCyclone = movement in which air rushing in — 
from other quarters %ecomes in- — 
volved. The nearer the air gets towards the centre £ the faster it — 
travels. Such a rotating storm area is called a cyclone. 

In the southern hemisphere the direction of rotation is opposite — 
to that shown in fig. 219. 

The centre of the storm area moves along at the same time. 

The rotatory motion acquired by water flowing from a weg : 
into the waste pipe illustrates the motion of the air in a cyclone, — 


199. RADIATION.—All heated matter parts with heat by J 


ea 
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radiation, which is the most general of the modes of heat 
transference. 

Ex. 326.—Boil a flask full of water and remove the flame. — 

Hang two thermometers outside the flask with their bulbs near the middle 
of it, and on opposite sides of it—one at a distance of about a centimetre, the 
other at a distance of two or three centimetres from the flask. 

Note the readings of the thermometers from time to time, and compare them. 

Heat is reaching the thermometers from the flask, but not by conduction or 
convection. The more distant thermometer receives much less heat than the 
nearer one. 


If the hand be held in front of a fire the warmth is instantly 
felt, although a draught of air is proceeding from the hand to 
the fire. 

This process is called radiation. 

The heat of the sun reaches the earth by the same process. 
If you shield yourself by an umbrella, the radiant heat is stopped 
by the umbrella, and you feel a very great difference. If it were 
that the air is made very hot by the sun, the putting up of the 
umbrella would make very little difference. 

Heat, like light, comes from the sun in rays that pass through 
empty space, but are stopped by most solid and liquid substances 
and to some extent by gases. 


Ex. 327.—Hold your hand near a quantity of ice. Does it feel chilled? Does 
the position of your hand make any difference? 
What is the behaviour of a thermometer whose bulb is held close to but not 


touching ice? 


It would appear from this experiment that cold is radiated as 
well as heat. But all the bodies we deal with contain some heat; 
when we say they are cold we mean less hot. This experiment 
with ice shows that all bodies are radiating heat whether they 
are what we call hot or cold. The heat radiated from a body 


sf falls on all other bodies that it can reach. When the hand was 


held in front of the fire, the fire radiated heat to the hand and 
the hand to the fire. The hand received more than it gave out, 
and thus felt a sensation of warmth. 

When the hand was held in front of the ice, the hand gave 
out more heat to the ice than it received from the ice, hence the 
hand felt chilled. 

The heat received by the earth from the sun must be given out 
again by the earth or it would get continuously hotter. The earth 
radiates heat into space in large quantities. The operation takes 
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place at night so fast that often after a hot day the nights are 


cold. 
Bodies are .considered to be always exchanging heat by radia- 
tion, and this explanation is called the theory of exchanges. 


200. In the heating of buildings by hot water, all the modes 
of heat transference are employed. 


Ex. 328.—The process may be illustrated by an apparatus such as that 
shown in fig. 220, which may be built up on a retort stand, the upper vessel 
consisting of an inverted bell jar or a lamp glass, Note the 
positions of the ends of the connecting tubes. 


of light solid material until the level of the liquid is above 
the mouth of the highest tube. 

Apply heat at the bottom of the lower reservoir. Notice 
the method of circulation of the water. The warm water 
rises up the straight tube into the top of the upper reservoir, 
which represents the cistern at the top of the house, and at 
the same time cold water descends from the bottom of this 
reservoir, through the bent tube, to the “boiler” at the 
bottom. 


all the water should reach the same temperature, If that 
condition be reached, the circulation will cease. 


In buildings the hot-water pipe passes through 
a number of cisterns of special shape which gives 
them a large surface. These are the radiators, 
where the water gives out much heat by radiation, 


“ig. 220. much colder than when it started on its round, and 
Building is Heated . ‘ 
by Hot Water the rooms have the heat which left the water prin- 

cipally at the surface of the radiators. 


201. From the above illustrations it will be seen that conduction 
is the passing on of heat from particle to particle of a substance, 


the particles themselves not travelling about. In convection the — 


portions of hot material move about and carry their heat with them. 
Thus convection can take place in fluids (liquids and gases), but 
not in solids. The process of radiation is quite independent of 


Fill the apparatus with water containing small particles — 


If the heating be maintained the process continues, unless — 


so that the water always arrives at the bottom — 


matter altogether, because it takes place across what we call empty — 


space or a vacuum, such as exists between us and the sun, in which 


space there is no continuous matter of any kind, as we usually 


understand the word matter. 


ee or nee 
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CHAPTER XXIII 
Quantity of Heat, Specific Heat 


: 202. QUANTITY OF HEAT.—In most experiments in this 
_ subject heat passes from one body to another. It is only when 
ag such a passage of heat occurs that it can be measured. There 
* is no method of measuring the quantity of heat that a body 
_ actually has in it. 
oe Ex. 329.—(1) Place 200 cub. cm. of water in a beaker, and heat it to about 
_ 380°C. In another beaker heat an equal mass of water to about 50° C. 
Take the temperatures of both accurately by a thermometer. Call them 2° 
and 7°. 
< Pour the hotter water into the colder, stir it with the thermometer, and at 
_ once take its temperature 2°. 
Is there any relation between z and (x + y)? 
(2) Repeat the operation with about 150 cub. cm. of water in each beaker, 
_ raising one to about 40° and the other to about 70°, this time pouring the colder 
water into the hotter. 
From the results of these experiments—remembering that the beakers took a 
little of the heat, and that some escaped by radiation—when two equal masses 
_ of water at different temperatures are mixed, what is the relation between the 
_ temperature of the mixture and the original temperatures? 


. 


Here we have hot water giving out heat to cold, and cold water 
_ taking in heat from hot water. The changes of temperature in- 
dicated the passage of heat. Since the masses of water were equal, 
_ their changes of temperature were also equal. 
The same principle applies when the masses are not equal. 
Ex. 330.—Mix together 300 grm. of water at 20° C. and 100 grm. at 40°. 
Note the final temperature. It is z° above 20 and y° below 40. What is the 
_ ratio between x and y? Is this ratio nearly the inverse of the ratio between the 
mnasses of water? 
Ex. 331.—-Make several experiments as above, mixing different unequal 
mnasses of water at different temperatures, 
Record the results thus:— 


Hot Water. Cold Water. 
. ee TGS ie RE ee oe 
Mass, Fall in Product, Mass, Rise in Product, 
M grm. | Temperature, T’.| M x T. 


m grm. | Temperature, t°. | m x t, 


Compare line by line the values of MT with those of m t. To assist in 


208 3 HEAT 


’ eliminating error add up all the values of MT and those of mt. If the experi- 
ments have been carefully made the products obtained are nearly equal, and 
Mi % 
i eed: 

Thus in a perfect experiment, in which masses and temperatures 
were quite accurately taken and losses all allowed for, we should 
have figures such as these :— 


Heat given out by hot water, Heat taken in by cold water, 
150 x 10 = 1500. 200 x 75 = 1500. 


It is convenient to express this by saying: The hot water gave 
out 1500 units of heat to the cold water, and the cold water took 
in 1500 units of heat from the hot water. Thus we have a way 
of measuring quantities of heat. The products MT and mt above 
represent quantities of heat. | 

The unit of heat is the quantity of heat given out or taken 
in by 1 grm. of water when its temperature changes 1° C. This 
unit is called a calorie or (by some writers) a therm. 

Thus, to find in calories the quantity of heat that has passed 
into or out of water in any operation similar to those above, we 
must determine (a) the mass of the water in grammes, () the 
number of degrees (Centigrade) of change of temperature, and 
multiply the numbers together. 


Ex. 332.—(1) Heat a known mass (about 200 or 300 grm.) of water from 
the temperature of the room to about 80° C. Stir the water, and read the tem- 
perature at several equal intervals of time. 

Calculate how many calories entered the water during each interval, Plot a 
graph of the observations, marking the times along the horizontal axis, and the 
calories along the vertical axis, Examine the graph, and write down any con- 
clusion that you can draw from it. 

(2) Make a piece of metal hot either by placing it in hot water, or by holding 
it over a flame. Then place the metal in a known mass of cold water that 
contains a thermometer. From the rise of temperature of the water and its 
mass, calculate the number of calories given out by the metal in cooling. 

(3) Into a known mass of warm water of known temperature drop a few small 
pieces of ice. Find out how many calories were taken from the water. What 
has this quantity of heat done? 

(4) Fit a flask containing water with a delivery tube that passes into a known 
mass of cold water contained in a beaker (fig. 225). 

Boil the water in the flask and let some steam pass into the water in the 
beaker. Find the number of calories given out by the steam to this water. 


Ex. 333.—(1) Calculate the temperatures of the following mixtures of warm 
and cold water. : 
be. (i) -30 grm, at 50° C. with 60 grm. at 62° C, --- “- a 

(ii) 120 grm. at 18° C. with 90 grm. at 46° C. % 

(iii) 256 grm., at 59° F. with 184 grm. at 81° C, 
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(2) Tf 120 grm, of water at 80° C. are mixed with 300 orm. at « C., and the 
_ temperature of the mixture is 36° C., find 2. 
. (3) Find experimentally by the method indicated in the previous exercise the 
temperature of some cold water; and (separately) of some warm water. 
(4) A litre of water at 60° F. is heated to 200° C.; how many calories has it 
_ absorbed ? 


203. THERMAL CAPACITY. 


< Ex. 334.—Weigh a mass of iron or brass (x grm.); tie a thread to it, and 
- heat it in-water to 100°C. Transfer it by the thread into an equal mass (2 grm.) 
_ of water in which there is a thermometer that indicates about 20°C. Move the 

iron about by the thread, and when the water has ceased to rise in temperature, 
_ read the thermometer again. The rise in temperature will be found to be about 
8 or 9 C. 

From the previous experiments we know that if, in place of the 
metal, water had been used, the rise in temperature would have 
been about 40° instead of 8° or 9°. There is therefore a great 
difference between the quantities of heat given out by equal masses 
of hot water and hot iron when they are placed in cold water of 
the same temperature. 

EX. 335.—Make a similar experiment to the last with various materials, such 
as glass, marble, glycerine, turpentine, mixing 2 grm. of the hot substance at 100° 
with an equal mass « grm. of cold water at about 20°. a may be a different 
number in the different experiments. 

Liquids may be contained in small flasks, the flask transferred from the hot 

_ to the cold water, and shaken about to assist the transfer of heat. 
Make a table, showing the substances and the rise of temperature from each. 


The results of such experiments show— 

: (4) That the substances vary very much in the quantity of heat 
given out. 

(5) That all ordinary substances give out much less heat than an 
equal quantity of water which cools to the same extent. 

This is expressed by saying that each substance has its own 
special thermal capacity, and that the thermal capacity of each 
substance tried is less than that of water. 

The thermal capacity or capacity for heat of any body is 
measured by the number of calories required to raise its tempera- 
ture through 1° C., or the number of calories it gives out in cooling 
through 1° C. The greater the capacity of a substance for heat, 
the more heat does it require to warm it and the more heat will 
it give out in cooling. 


204. GREAT CAPACITY OF WATER FOR HEAT, — The 


(0 405) 1f 
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capacity of water for heat is greater than that of any other commot 
substance, so that more heat is required to raise the temperature 
of a pound of water one degree than is required *to raise the tem 
perature of a pound of any other common substance one degree 
and the pound of water gives out more heat in cooling than a pount 
of any such substance. 

This fact has a most important effect on climate. The water 
of the ocean receive vast quantities of heat without becomin; 
sensibly warmer, and give out vast quantities without becomin; 
sensibly colder. During periods of heat large bodies of water tak 
in heat, which is given out again during periods of cold. The’ 
thus act as moderators of climate, rendering summer cooler ani 
winter warmer. 

The high capacity of water for heat renders it specially suitabl 
for storing heat in carriage foot-warmers, «c. 


205. CALORIMETERS.—It is seen from Art. 203 that th 
thermal capacity of a body is the same as the number of gramme 
of water that would give out or take in the same quantity ¢ 
heat as the body, when its temperature changed by an equi 
amount, that is the water equivalent of the body. The wat 
or other liquids that are used in such experiments as those abo 
must be contained in a vessel of some kind. It is usual to emple 
small beakers of brass or copper for this purpose when heat quai 
tities are being measured. Su-h a vessel is called a calorimete 
The calorimeter changes in temperature with the liquid which 
contains. Hence the calorimeter must be included in the measur 
ments, and it is necessary td find its water equivalent. 


Ex. 336.—To find the water equivalent of a calorimeter. 

(1) Place the calorimeter on the table with a thermometer in it. Do nm 
handle the calorimeter. After a few minutes take its temperature (ft). 

In a beaker rather larger than the calorimeter place a known mass m (abe 
100 grm. or 150 grm.) of water, and heat it to about 90° C. Remove the heati 
flame and take the exact temperature (f°). 

Quickly place the calorimeter in the beaker, pressing it down with a piece 
wood. Read again the temperature\(fig.ae water (t;’). 

The insertion of the calorimeter hgoiowered the temperature of the water 
how many degrees? (t. — fs). 

How many calories has the hot watér lost? m(t, — ts). 

If cold water had been added instead of the cold calorimeter, how much wa 
would have produced the same effect? That amount is the water equivalent 
the calorimeter. 

Repeat the experiment, and take the mean of the values obtained. 


a 
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Example.—Temperatures:— hot water : calorimeter : both 
99°5". 15° : 95°4° 
Calories :— given out ; taken in — ; 


41x100: 804x-2 


where x is the water equivalent of the calorimeter. 

Then 8042 = 410, whence x = 5:1. The calorimeter was equivalent to 
5°1 grm. of water. 

(2) Find the water equivalent of the same calorimeter by pouring warm water 
into it. 

Example.—Into a calorimeter whose temperature was 15° there was poured 
100 grm. of water at 99°5°, The temperature of the water in the calorimeter was 
then found to be 95°4°. The calculation of the water equivalent is the same as 
in the previous exercise. 


There are causes of error in both methods. In elementary prac- 
tical work it is better to calculate the water equivalent from the 
value of the specific heat of the material (Art. 206). For elemen- 
tary work, the water equivalent of a copper calorimeter may be 
taken as ;/5 of its mass, and of a glass vessel as } of its mass. 


206. SPECIFIC HEAT.—In the previous articles we have 
found the thermal capacities of bodies of any mass. In comparing 
different materials it is necessary to make the comparison between 
equal masses, and of course unit mass is chosen. Thus in the 
above example the calorimeter was found to be equivalent for heat 
purposes to 5°1 grm. of water. Suppose the calorimeter was made 
of copper and weighed 53°7 grm. Then the heat required to raise 
1 grm. of copper through 1° C. is es = ‘095. The number ‘095 


is called the specific heat of copper. The specific heat of a sub-| &cf 


stance is the number of calories required to raise the temperature 
of unit mass of the substance from 0° C. to 1° C. 


Ex. 337.—To find the specific heat of copper or brass in a copper or brass 
calorimeter. (The specific heats of copper and brass are nearly the same.) The 
method is that employed in the former experiments, called the method of mix- 
tures, but certain precautions are necessary. 

It is better for the calorimeter to consist of two copper vessels, one inside the 
other, as shown in the upper part of fig. 225, the inner vessel standing on two 
or three short pieces of glass rod. 

Weigh the inner vessel empty (m, grm.), and also with a quantity of cold 
water in it (total mass, m, grm.). Make the mass of cold water less than that of 
the mass of metal whose specific heat is to be found. 

This mass should not be too small; about 100 or 150 grm. is suitable. The 
metal is best in small pieces; copper nails or brass screws are convenient, 
“Suppose the mass of metal is M grm. 


/ 
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Place it in a heater such as is shown in fig. 221. The heater consists of one | 
vessel inside another, Water is placed in the outer vessel, which is provided at 
the top with an outlet for steam. The 
body to be heated is placed with a ther- 
mometer in the inner vessel. 

Boil the water for several minutes. 

When all is ready, read the temper- 
ature of the cold water in the calori- 
meter (¢;). 

Gently shoot the contents of the inner 
vessel into the calorimeter. In the second 
form of heater shown in fig. 221 this can 
be done by merely raising the upper part 
of the inner tube, which slides up inside 
the lower part, and thus leaves the slop- 
ing tube open at both ends. 

Stir the water in the calorimeter, and 
when its temperature has ceased to rise, 
record it (#2). 


Seen ||| ——— 
et tt ts ti 7 


Nene ee ewe 


Then, assuming that the boiling 
water was at 100°, we have— 
(a) M grm. of metal of specific 
heat S cooled from 100° to #,°: 
Fig. 221.—Forms of Heater by which therefore the heat §} ven out was 
Bodies are kept Dry MxS x (100 _ t). 
(b) m, grm. of the same metal 
warmed from #,° to #,°: the heat taken in was m, X S X (t, — t,); 
also (m, — m,) grm. of water warmed from 7,° to #,°: heat taken 
in was (m, — ™,) (t, — 4). 
Thus the total heat taken in was— 


fm, X SX (te — h)} + {my — m) (tp — 4)} 


Hence, writing the loss and gain of heat equal to each other, 
we have— 


M x S x (100 —#,) = {m, x S x (tp — 4)} + {(m, — ™m) (ty — H)F 


apm ain cs ae oe oe oe a ce a i ee Se ew om ee a NE cl 
Le — 
Me SS a ewe rat er ena on ae enema 


' 
| 
\ 
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whence S can be calculated. 


Example.—A mass of 147°5 grm. of copper was heated to 100° and placed in 
117-2 grm. of water contained in a copper calorimeter of mass 542 grm., and at 
a temperature of 18° C. The temperature of the mixture was 26°3 ¢ Find 
the specific heat of copper. 


(a) Heat given out by 147°5 grm. of copper of specific heat S in cooling from 
100° to 26°3° “ “a 


= 1475 x S x (100 — 26:3) = 10871 x S calories, 
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(0) Heat taken in by calorimeter of mass 54°2 grm. in being heated from 18” 
to 26°3° 
= 54:2 x S x (263 — 18) = 4505S calories. 


Also heat taken in by 117°2 grm. of water in being heated from 18° to 26°3° 


= 117'2 (263 — 18) = 973 calories. 
e. 10871S = 4508 + 973 
* §. = 008 


Ex. 338.—Knowing the specific heat of the material of which the calorimeter 
is made, find the specific heat of iron and of lead by the same method. 


207. The specific heat of liquids may also be obtained by 
the methods indicated above. 


Ex. 339.—In small similar flasks place the same mass (x grm.) of water, 
alcohol, turpentine, &c., at the temperature of the room. Place a thermometer in 
each flask. 

Raise the temperature of a mass of water in a large beaker or other suitable 

_ vessel to about 50° C. In this water place the flasks. Agitate the liquids at 
frequent intervals, and after a short time read their temperatures. Then the 
specific heats of the liquids are inversely proportional to the rises in temperature. 

Thus, suppose the rises of temperature after five minutes to be— 


Water Alcohol Turpentine 
10° 16° 21°5° 
, mg) | ances See | ‘ 
Then the specific heat of alcohol is Ta 62, and of turpentine eae 46. 
‘5 


Ex. 340.—Find the specific heats of mercury and of turpentine by the method 
of mixtures, as in Exercise 337. This method may only be used for such liquids 
as do not enter into chemical combination with water. 


Ex. 341.—Raise z grm. of copper, whose specific heat is ‘095, to a tempera- 
ture of 100° C. in the heater. Immerse it in about ‘4z grm, of alcohol at, say, 
20° C., contained in a calorimeter whose water equivalent is m grm. Suppose the 

__, rise in temperature to be ¢° C. 

Then heat given out by copper z X ‘095 x (100 — #¢) calories. 
Heat taken in by alcohol and calorimeter = ("42S x m) (¢ — 20). 

Equate these two quantities, and hence find §, the specific heat of alcohol. 


The value of the specific heat of various common substances 
is given in the table on p. 409. 


/ Ex. 342.—(1) Small cubes of aluminium, iron, and copper are heated to 
100° C., and then placed on a block of ice. Which will sink in deepest? Why! 
(2) A thin plate of beeswax is supported on the ring of a retort stand, and on 
it are placed hot cylinders of different metals. Taking the metals given in (1) 
above, write down the order in which they will fall through the plate. 
e. (3) If it took 5 min. to heat 1000 grm. of water in a beaker over a flame 
through 20° ©., how long would it take to heat 1000 grm. of lead shot through 
- 20° ©. in a similar beaker over the same flame? 


214 HEAT 


CHAPTER XXIV 


Latent Heat of Fusion 


208. MELTING-POINTS.—Fusion is melting—the process by 
which a solid is converted into a liquid. Fusion is accomplished 
by heating the solid. 

In Exercise 313 the zero of the thermometer was taken as the 
position of the mercury surface when the instrument was placed 
in melting ice. 

Ex. 343.—Place a thermometer in a beaker or large test tube, and pack it 
round closely with small pieces of ice. Place the beaker in a vessel of cold water, 
Read the thermometer. 

Gently warm the water, and read the thermometer at intervals. 

Can ice be warmed above the temperature marked as zero ? 

When the ice has all melted what happens 
to the temperature of the inner vessel ? 


The temperature at which under 
ordinary pressures ice melts, and above 
which it cannot be raised, is its melt- 
ing-point. Multitudes of observations 
have shown that ice cannot be raised 
above that temperature: it can be made 
colder. 

Many other substances behave in 
the same way. Below a certain tem- 
perature they are solids. When heated 
to that temperature they melt. This 
temperature is the melting-point of the 
solid. 

The melting-point of any solid is 
determined by heating a quantity of 
the solid that contains a thermometer, 
and reading the temperature when the 
process of liquefaction is taking place, 
as in the last exercise. 

Ex, 344.—The following method is suit- 


adie for such substances, as paraffin wax, 
beeswax, stearic acid, sulphur. 


Melting-point of Wax tube. Tie the tube to a thermometer (fig. 222), 


Melt some paraffin wax, and in it dip a fine- 
Fig. 222.—Determination of the bore tube, and suck up some wax inside the 


a Fe 
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and suspend the thermometer in a beaker of cold water, so that the water covers 


_the paraffin and the mercury column of the thermometer. Heat the water slowly, 


a watching the appearance of the paraffin. When it becomes transparent the ther- 
_ mometer records approximately the melting-point. Suppose it is 50°. Raise the 


rs, 
re 


_ temperature of the bath to about 53°, and then allow it to cool. Note accurately 
the temperature when the liquid solidifies. Slowly warm the bath again, and note 
accurately the temperature when the solid liquefies. Keep the substance oscillat- 
- ing slowly in this way above and below its melting-point, and take several pairs 


of observations. Take the mean of all the values. 


Ex. 345.—Second Method. For some substances, such as naphthalene, bees- 


* wax, sulphur, the following method is preferable. 


ing 
- 


_ the tube. Place the tube in 
a bath, and heat the bath until 


ature at equal intervals of 


Place sufficient substance in 
a large test tube to nearly fill 


the substance is all melted. At 
the same time warm a ther- 
mometer. Put the warm ther- 
mometer in the liquid. Allow 
the whole apparatus to cool 
slowly, and record the temper- 


TEMPERATURE 


time, e.g. every minute. Make 
a table showing time and tem- TIME : MINUTE SPACES 

perature. Make a graph of the Fig. 223 

observations, as in fig. 223, 

which shows the results obtained in an experiment on naphthalene. The curve 
obtained is called a cooling curve. Note its shape. 

There is a period of time during which the thermometer is stationary, and 
the curve at this part is nearly or quite horizontal. The temperature during that 
time is the melting-point. . 

Fig. 223 shows that the melting-point of naphthalene according to the thermo- 
meter employed is 79° C. The thermometer may have a zero error (Exercise 313). 
If the zero error in this thermometer was 1°, what is the corrected melting-point 
of naphthalene? 


Some substances, such as sealing wax and glass, have no definite 
melting-point. If an experiment similar to No. 345 be performed 
with such substances, there is no straight part in the cooling curve. 
They pass through an intermediate stage between solid and liquid 
in which they are in a viscous condition. 

The melting-points of many substances, e.g. the metals, cannot 
be determined with a mercury thermometer. Other means of 
determining the temperature are employed. 


209. LATENT HEAT OF FUSION.—In Exercise 343, during 
the period of melting, although heat was passing into the test 


tube from the bath the contents of the tube got no hotter, Heat 


re 


i: 
= 


216 HEAT 


that passes into a substance without making it hotter is called 
latent heat. This heat has its effect in changing the physical state 
of the substance. Conversely, in Experiment 345, during the pro- 
cess of solidification, although heat was leaving the test tube the 
contents got no colder. Thus in the process of melting, a solid 
absorbs heat, and during solidification gives out heat. 

The number of units of heat thus absorbed or given out when 
unit mass of the substance changes its state from solid to liquid or 
from liquid to solid is called its latent heat of fusion. 


Ex. 346.—To find the latent heat of fusion of ice. 

Weigh a small calorimeter or glass beaker, and find its water equivalent (Art. 
205). 

In the calorimeter place about 100 or 150 cub, cm. of water; weigh again, and 
find the mass of the water only. 

Warm this water to a temperature about 8° or 10° above that of the labora- 
tory, and read the temperature accurately (4). 

Place ten or twelve lumps of ice, each roughly about 1 cub. cm. in volume, on 
blotting or filter paper; dry them; shoot them quickly into the water. Stir the 
water with the thermometer, and when all the ice has melted take its temperature 
accurately (¢2), and remove the thermometer. 

Weigh the calorimeter and contents, and find the weight of the ice added. 


From these observations obtain— 


0 ‘ ; nae Example. 
(a) Original mass of water plus the ned : 
equivalent of the calorimeter i a 
(b) Mass of ice melted ... ae cn b 11°9 grm. 
(c) Fall of temperature of the calori-)\}| ,o o} eo ne 
meter and contents (#,° — tf.) ...f 4 —t 23°" — 14°6 
(d) Final temperature of the whole... ta” 146° 


Then, if L is the latent heat of fusion of ice, we have— 


I. Heat taken in (in calories)— | 
By ice in melting __... |p de® 6 11°9 L 


By water from the melted ice r 
in rising from 0° to # } & x 119 x 146 
II. Heat given out (in calories) ... | a X (tf — tf) | 125°4 x 89 
> 


Neglecting any heat that has been lost by radiation, equate the 
heat given out and taken in. 


b(L +4.) = ax (4, — 4), 
whence the value of L can be calculated. From the example above 


11:9(L + 146) = 125-4 x 8-9 
119L = 942 
L = 79. 
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The latent heat of fusion of other solids that have a definite 
- melting-point may be found in the same manner, but the calculation 
involves the specific heat of the substance. 

The latent heat of fusion of ice is higher than that of any other 
substance. This fact has an important effect on climate, since 
it renders water difficult to freeze, and ice correspondingly diffi- 
cult to melt. The change from one state to the other therefore 
_ takes place slowly, and during the change a large quantity of heat 
is taken in or given out. If the latent heat of water were very 
low, unless there were some compensating effect, a lake or sea might 
_ be liquid one day and solid the next; thaws would be followed 
_ by sudden and disastrous floods. 


_ 210. The presence of another substance often effects a con- 
_ siderable change in the melting-point of a body. 

Ex. 347,.—To find the effect of salt on the melting-point of ice. 

A (1) Set up the apparatus shown in fig. 205, filling the funnel with a mixture 
_ of ice (or snow) and common salt—one-fourth salt, three-fourths ice—and using 
_ athermometer graduated to read below 0° C. 

Note the lowest reading of the thermometer. 

oS (2) Place in the ice-salt mixture two test tubes, one containing fresh water, 
= the other salt water. Note the temperature at which ice begins to form in the 
_ test tubes. Do not allow the thermometer to be frozen into the ice. 

4 (3) Place some water and a thermometer in a test tube, and take the reading 
of the thermometer. 

Add some powdered ammonium nitrate, stir, and read the thermometer. 

Add some ammonium chloride, stir, and read the thermometer. 


: 211. FREEZING MIXTURES.—The mixtures of sunstances 
_ made in Exercise 347 are called freezing miztures. 
When a solid dissolves in water the solid is converted into 
a a liquid, and during the process of liquefaction heat is absorbed 
# or rendered latent. This heat is abstracted from the water in 
which the solid dissolves, and the temperature of the water is 
~ accordingly lowered. In some cases “sensible” heat is by such 
a process converted into latent heat so rapidly that a very low 
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CHAPTER XXV 


Latent Heat of Vaporization 

212. EVAPORATION AND BOILING.—The process of con- | 
verting a liquid into a vapour or gas is called vaporization. 
A vapour is a gas which can easily be condensed into a liquid, 
as steam can be. | 

But the conversion of water into water vapour, as cold steam 
is generally called, is nearly always going on when water is freely 
exposed to the air. Thus pools dry up, and a wet cloth hung in” 
the air becomes dry. Such common facts as these indicate that the 
air readily takes up water vapour, and therefore always contains 
some. 

Ex. 348.—(1) Place a quantity of water in a shallow vessel and weigh it. 


By means of a small flame maintain the water for about 20 min. at a temperature 
of 30° or 40° C., then weigh again. 


The loss in weight shows that some water has passed out of the 
vessel. The process that took place is called evaporation. 


(2) Heat the remaining water to 70° C., and maintain it at that temperature 
for the same time as before. Weigh again. 


The loss in weight is greater than during the previous period. 

Evaporation, then, takes place faster at high than at low 
temperatures. : 

Ex. 349.—Place some water in a dish with a glass tube dipping into ite 
Weigh the vessel and contents. 

Pump air through the tube for a few minutes. Weigh again. The loss in 


weight shows that the air in passing through the water took up vapour from it, 
although it was cold. 


Similar experiments made with various liquids show that they 
evaporate in a similar manner (Exercise 359). 

If a vessel of water be exposed for several hours on different 
days in the same position away from any source of heat, it is found 
that more water evaporates on dry days than on damp days. And 
more evaporates from a large surface than from a smal] surface. 

Confining our attention to water, evaporation is thus shown to 
be a process that takes place at the surface that separates water 
from air. It takes place faster at high than at low temperatures; 
faster in dry air than in air which already contains much water 


a 
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vapour; and faster when fresh air continually passes over or 
through water than when the same air remains stagnant in con- 
tact with it. 

Boiling or ebullition, on the other hand (Exercise 303), takes 
place by the formation of bubbles of steam inside the water, and 
only occurs (for the same pressure) at one fixed temperature, and 
takes place exactly the same whether the air above it be dry or damp. 

Corresponding statements are true about other liquids and 
vapours. 

213. BOILING-POINTS. — Vapours, like gases, are compress- 
ible, tend to expand, and exercise pressure, just as was found to 
be the case with air in Chap. VIII. 

In the ordinary operation of boiling water the steam comes off 
quietly. From the safety valve of a steam engine it often rushes 
out with great force. The 
cause of this is that the steam 
in the boiler is under a great 
pressure, and is much com- 
pressed as air is compressed 
in a bicycle tyre. 

Such steam, as well as the 
water in the boiler in contact 
with the steam, is very hot, 
much above 100° C. Water 
can be made to boil at almost 
any temperature according to 
the pressure of the air above 
it. When that pressure is 
the standard pressure of 
the atmosphere water boils 
at 100° C.; when the pres- 
sure is lower than that, the 
boiling-point is lower ; when 
the pressure is greater the Fig. 224.—Water Boiling helow 100° ©, 
boiling-point is higher. 

Ex. 350.—Let a flask be half-filled with water and heated till the water boils. 
After a short time, when the upper part of the flask is filled with steam, let it be 
well corked and inverted (fig. 224). If now cold water be poured over the flask, 


or a cold wet cloth wrapped round it, the water will again boil, and continue to 
do so for some time, although its temperature is considerably below 100°. 


The steam that arose from the boiling water expelled much of 


= 
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the air and itself filled the space above the water. Some of thi 
steam was liquefied when the cold was applied, and thus the pres 
sure on the surface of the water was diminished. Owing to thi 
diminution of pressure on its surface the water was enabled t 


boil at the lower temperature. 

If, on the other hand, the pressure on the surface of water b 
in any way increased, the water must be raised above 100° C. befor 
it can boil. Water boils at about 119° in a diving bell 33 ft. beloy 
the surface of water, owing to the additional pressure. 

When we speak simply of the boiling-point of a liquid it 1 
understood to be under atmospheric pressure simply. 


Ex. 351.—To determine the boiling-point of a liquid. 

(1) Salt solution. Use a thermometer reading to 120° C. Boil a considerabl 
quantity of water in a flask, through the stopper of which passes the thermomet 
and an exit tube. While the water in the flask is heating, weigh and place o 
separate pieces of paper several quantities of common salt, each 10 grm. 

Add 10 grm. of salt to the water, and take the temperature of the therms 
meter (a) in the water, (b) in the steam. Note the difference. The reading ( 
is to be taken as the boiling-point. 

Add another 10 grm. of salt, and take the readings again. 

Continue to add the salt—10 grm. at a time—and take the readings of tl 
solution and of the steam. Do not exceed the limit of the highest readis 
marked on the thermometer. 

Record the height of the barometer at the time of making the experiment. 

(2) Make a graph showing the variation in the boiling-point of water, wit 
the quantity of salt that it contains. 

(3) Benzene, alcohol, turpentine, and glycerine are other suitable liquids f 
experiment. For liquids other than water use the apparatus of fig. 206, and co 
nect the vapour delivery tube with a condensing arrangement, as in fig. 193. 

For turpentine and glycerine use a thermometer that reads up to 350° C, 


214. LATENT HEAT.—In these experiments the same fa 
is noticed as occurred during fusion. While the substance 
changing its state—boiling away—it gets no hotter, although he 
is continuously supplied to it, and absorbed by it. There is th 
a latent heat of vaporization. The latent heat of vaporization — 
a liquid is the number of calories required to convert 1 grm. of the ligu 
into vapour without change of temperature. 


Ex. 352.—To find the latent heat of vaporization of water or the latent he 
of steam. 

(1) Place about 50 cub. cm. of water in a small flask or a boiling tube, a 
take its temperature (f° C.). 

Place a flame under the flask, and note the exact time (a) of doing so. T 
flame should only play upon the bottom of the flask, and should remain stea 
dwming the experiment. : 


4 
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When the water begins to boil (suppose at 100° C.) again note the time (0). 
Let the water all boil away, and as the last of it disappears again note the 
ime (c) and remove the flame. 

Find the number of seconds in the intervals (b — a) and (¢ — 4). 

Then approximately 


Number of calories taken in by the water at 100° in evaporating _ ¢ — b. 
100 —¢ b—a’ 


or writing L for the latent heat of steam, 


wr = (100 = 4) °°. 
b-—a 


* 
~ 
> 

= 


__ (2) In this experiment read the ther- 
“mometer to a fraction of a degree, and 
_ weigh accurately. 

Fit a flask © with a tube bent approxi- 
"mately as abc in fig. 225. The tube should 
be thin quill tubing, and the arm Be not 
"more than 12 cm. in length. The part BD 
; should slope towards the flask. Boil water 
in the flask. 
| Weigh a small calorimeter or beaker, 
and support it inside a larger one either 
_ by threads or by standing it on small pieces 
of glass rod. 

Place about 200 cub. cm. of cold water 
in the calorimeter and weigh again. When 
steam has been issuing for a few minutes 
from ©, take the temperature of the water 
in the calorimeter, wipe away any water 
there may be at c, and bring up the calori- 
_ meter so that the end of the tube c is 
nearly at the bottom of the water within 
it. Stir the water continuously with the 

‘thermometer, and when the temperature 

_of the water has risen about 20° remove 

the calorimeter or the steam tube and take 


. Fig. 225.—Apparatus for Determining 
the temperature of the water. Again ina Tahent eat oF Steani 


weigh the calorimeter and contents. 
Record as in the following example :— 
A. Masses in grammes, 


‘ | Calorimeter + Water + 
peor eae Water + Con- | Water only.| Calorimeter pa iy ae 
ea cere ee densed Steam. Equivalent. : 
. 89°2 241°6 247°4 202'4 206'3 5:8 
| 


B, Temperatures of calorimeter: Initial, 14°2° C.; final, 31°3° C, 


id ta ol dll 
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Then we have— : 
(i) Heat (number of calories) given out— 


(a) By arenm In Condens; ..........-sscupsenpieniaassseoieh 5°8L 
(>) By condensed water in cooling from 100° C. to 31°3°...5°8 x 68°7 


(ii) Heat (number of calories) taken in by water and calorimete 
in being heated from 14:2° to 31°3°............ 206°3 x 17:1 


°. O8L + (58 x 68°7) = 2063 x 17:1 
whence L = 540. 


The latent heat of other vapours is determined in the sam 
manner. They are all much less than that of steam. 


215. COLD PRODUCED BY EVAPORATION. — The hea 
that is rendered latent when a liquid passes into a vapour is ob 
tained either from surrounding objects or from the liquid itself 
and if there is no source of heat to keep these at a constant tem 
perature, they must become colder. 

Ex. 353.—(1) Repeat Exercise 349 with ether or alcohol in a test tube con 
taining a thermometer. Note the fall in temperature. By rapid pumping : 
deposit of hoar frost is sometimes produced on the outside of the tube. 

(2) Wrap a piece of muslin round the bulb of a thermometer. Take its reading 

Wet the muslin with ether. What is the fall in temperature ? 

Swing the thermometer gently to and fro. The faster the evaporation thi 
lower the temperature produced. | 

Repeat with alcohol and with water. 


If the hand or wrist be wetted with water and swung to ant 
fro in the air, the cold produced may be readily felt. A  similai 
application of ether will produce numbness due to the cold. 

If the air in a room be hot and dry it will be considerably coolec 
by sprinkling water over the floor, even though the water be a 
warm as the room. The reason is, that the water evaporate: 
quickly into the dry air, and in so doing takes heat from the air 
which is thus cooled. A damp cloth exposed to a draught become: 
very cold for the same reason. 

If two vessels containing water be set side by side exposed tt 
the air, one made of glazed non-porous earthenware and the othe 
porous, the water in the porous vessel will often be considerably 
colder than that in the non-porous vessel, owing to the evaporatior 
from its surface. If there is no such difference of temperature, it ii 


because the air is already nearly saturated and the evaporation i 
therefore slow. ; 
a 
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Since evaporation takes place much faster in a vacuum than in air, 
Leslie’s experiment can be readily understood. He placed a little 
water in a shallow dish over another dish containing strong sul- 
phuric acid under the receiver of an air pump (fig. 226). The 
air was then pumped out of the receiver, and the water began to 
evaporate very quickly, but the vapour was absorbed by the sul- 
phurie acid as fast as it was formed. The heat required to form 
the vapour was taken from the water itself, which, after a time, 
became so cold that it froze. 


Fig. 226 


Water Freezing owing to the Cold produced by its own Evaporation 


This experiment of freezing water by the cold produced by 
its own evaporation may be more easily performed with 

Wollaston’s Cryophorus.—This consists of a U tube with a bulb 
at each end, as shown in fig. 227. The air has been nearly all 
driven out from the apparatus by boiling water in one of the bulbs, 
and sealing the instrument while the space not occupied by water 
was full of steam. The object of this is to enable the water to 
evaporate more quickly than it could do were much air present. 
If all the water in the instrument be made to pass into bulb B, and 
bulb A be then placed in a freezing mixture, such as powdered ice 
and salt, the vapour in A is quickly condensed. The water in B 
then quickly evaporates, owing to the diminished pressure of the 
vapour on its surface; the heat required for the evaporation is 
taken from the water in B, which is thus chilled until it freezes. 
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216. The heat given ‘out in the condensation of a vapour into 

a liquid has been shown in Exercise 352 (2). 

| This evolution of heat explains why the temperature is ction! 

high on wet days. The vapour in the atmosphere in condensing 

into rain gives out a large quantity of heat which warms the air. 


Ex. 354.—(1) How many grammes of steam at 100° C. would just melt 
20 grm. of ice, the final temperature of the whole mass being 0° C.? 

(2) If 5 grm. of steam at 100° C. are passed into a chamber containing ice, 
how much ice would be melted? ; 

(3) If 2 grm. of steam at 100° C. are passed into 30 grm. of water originally at 
20 C., to what temperature would the water be raised ? 

(4) If you drop a volatile liquid on your hand you feel cold. What is the 
reason? Why is the sensation of cold greater with ether than with water? i 

(5) Explain why, in order to cook food at the top of a high mountain, some 
method must be employed different from that used at the sea-level. 

(6) What is meant by the statement that the latent heat of steam is 540? 


CHAPTER XXVi 
Water Vapour in the Atmosphere 


217. VAPOUR PRESSURE. —In Art. 213 it was seen that 
the amount of pressure exercised by water vapour was very 
different under different conditions. It must be remembered that 
water vapour, whether cold or hot, is an invisible gas. The visible 
cloud formed when steam rushes out into the air is not vapour. - 

All gases and vapours when sufficiently compressed and chilled 
pass into the liquid state. The differences in the behaviour of steam 
and air are mainly due to the fact that air requires great pressure 
and cold to liquefy it, whereas water vapour can be liquefied by 
ordinary pressures at ordinary temperatures. 

If we have a vessel at any ordinary temperature and pass steam 
into it, the steam exercises a pressure on the walls of the vessel; if 
more and more is forced in, there comes a point at which the steam 
that is forced in cannot exist there; it condenses into water. The 
space inside the vessel is then said to be saturated: it has in it as 
much water vapour as it can hold. 

If the vessel be heated the space can hold more steam ; and if more 
be pumped in, of course the pressure increases. The pressure exer- 
cised by saturated water vapour thus changes with the tomperacanes 
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_ ference of level of the mercury surfaces. The 


Ex. 355.—(1) Set up a U tube on the general model of fig. 228, with the 
shorter arm A capable of being opened or closed. With both arms open pour in 
mercury ; pour water into A nearly up to the top, 
and close the opening. Place the tube as shown 
in a bath of cold water p. Warm the bath. 

As the heating of the bath proceeds, some of 
the water in A evaporates; a space containing 
this vapour appears above the water layer c. 
This vapour exercises a pressure on the liquid 
below it, and the levels become as shown in fig. 
228. The pressure of the water vapour forces 
the mercury out of A into the tube B, and the 
amount of this pressure is measured by the dif- 


' 


pressure of the layer of water may be neglected. 

A thermometer in the bath gives the tem- 
‘perature of the water vapour. As the heating 
slowly proceeds, take at regular intervals (a) thes |——— 
temperature of the vapour, (5) its pressure, and 
record them in two columns. 

(2) Make a graph of the readings, plotting 
the temperatures along the horizontal axis and 
the pressures along the vertical axis. 


>» 


| ai 


Mh 


Throughout this experiment the 
‘space above the water was saturated Fig. 228.—Apparatus to show the 


o-- 


"with vapour: it could hold no more. _ ressure exercised by a Vapour 


_ The amount of vapour present, and there- 


fore the pressure of the vapour, increased with rise of temperature, 
as is the case with all gases and vapours; but there is no simple 
ratio between the pressure and the temperature. 

The graph shows that at the temperature at which water boils, 
the pressure of the vapour is equal to the pressure of the atmos- 
phere. A liquid boils when the pressure upon its surface is equal 
to the pressure which its vapour exercises at the same temperature. 


218. There is always more or less water vapour present in the 
atmosphere. 


Ex. 356.—Dissolve a little cobalt chloride in water, and paint a piece of 
paper with the solution. When the paper is moist its colour is pink. Dry it; 
the colour is blue. 

Expose the paper to the air on various days, Its varying colour shows that 
it is more moist on some days than on others. The moisture has been absorbed 
from the atmosphere. 


Ex. 357.—Weigh a small quantity of anhydrous copper sulphate—a white 


_ powder—in a small porcelain dish. Expose it for some time to the air. Note 


the change in colour, Weigh again. The addition of weight is moisture that 


the salt has absorbed from the atmosphere. 
(© 405 ) 16 


i 
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Ex. 358.—Place about 6 cub. cm. of strong sulphuric acid in a beaker and 
weigh. Leave the acid exposed to the air for a few hours. Weigh again. The 
increase in weight is due to the absorption of moisture from the atmosphere. 
Dry calcium chloride or dry phosphoric anhydride give similar results. 


Such experiments show that on any day in almost any place 
water vapour is present in the atmosphere. 


219. DEW.—If a glass of cold water be taken into a warm 
room, the outside of the glass often becomes covered with a thin 
film of water. This is dew, which has been 
formed by the condensation of water vapour 
present in the air. The effect is better seen 
if the cold water is contained in a cup of 
polished metal. | 


Ex. 359.—(1) Put cold water in an aluminium cup 
until it is two-thirds full. Place in the water a ther- 
mometer and a stirrer, and put a sheet of glass between 
yourself and the cup. Drop a few small pieces of ice 
into the water, stir it thoroughly, and immediately dew 
begins to form on the bright surface of the cup read the 
thermometer. 

Repeat the experiment two or three times, and take 
the mean of the temperature readings. 

(2) Fit a large test tube, as shown in fig. 229, wi 
an indiarubber stopper through which there pass a 
mometer, and two bent glass tubes, one of which goes 
nearly to the bottom of the tube. 

In the tube place some liquid ether, so that the ther 

mometer dips into it. 

Fix a small compression pump on the longer tube 
and slowly force air bubbles through the ether, Wher 
a film of dew begins to form on the bottom of the tube 

cease passing air through it and read the thermometer 
Fig. 229.—Determination ~ Repeat the experiment, and take the mean value o 
eee eo the temperature readings. . 


f 
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The temperature obtained in Experiment 359 is called the dew 
point. It is the highest temperature at which dew can be depositet 
at that place and time. The dew-point varies from day to da} 


and from place to place according to the hygrometric state of the ait 


i.e. its condition with regard to moisture. When the dew-point i 
several degrees below the temperature of the air, the atmospher 
is comparatively dry; when the dew-point is only a degree or tw 
below the temperatur <f the air, the atmosphere is nearly saturate 
with water vapour, thav is it contains nearly as much vapour as i 
can hold, 
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Example.—Thus on a certain day the mean of four readings of the dew-point 
was 14°5° C., and the temperature of the laboratory was 17° C. 
Since dew began to be deposited at 14°5°, there was enough water vapour 
_ present in the air just to saturate it at that temperature. Its pressure must then 
have been (p. 409) 4(11°88 + 12°67) = 12°27 mm. of mercury. 
The pressure of water vapour required to saturate the air at 17° is (p. 409) 
12°27 


> & 
14°39 


14°39 mm. of mercury. Hence the proportion of vapour present was 


85 per cent of the largest amount that the air could actually hold. 
This fraction is called the relative humidity of the air. 


Ex. 360.—From your observations of the dew-point and the tables on p. 409 


_ determine the relative humidity of the air at the time when and place where the 
observations were taken. 


are OF Or 


When air that contains so much vapour as to be nearly satu- 
rated, is chilled by contact with some cold object, the vapour in the 
air is more than sufficient to saturate it at the lower temperature, 

_and water is therefore deposited on the cold object. Thus on a 
clear evening in summer, dew is often deposited freely on grass. 
There has been much evaporation during the day, and the air con- 
tains much moisture, but is not saturated because it is warm. When 
the sun sets, however, the surface of the earth becomes much colder 
by radiation. This cold surface acts in the same way as the glass 
of water; it reduces the temperature of the air near it to below 
the dew-point, and dew is deposited on the cold surface. 

= The chief circumstances that influence the deposition of dew are: 
(1) the amount of moisture in the air, (2) wind, (3) the presence or 
absence of clouds, and (4) the character of the surface on which the dew 
is deposited. The influence of the first of these circumstances is 
manifest. A high wind hinders the formation of dew, by pre- 
venting any layer of air from remaining in contact with the cold 
surface sufficiently long for its temperature to.be reduced to the 
dew-point. The effect of the presence of clouds is to check radia- 
tion from the earth’s surface, and thus to keep the surface warm. 
As to the character of the surface, more dew is deposited on grass 
than on gravel, because grass radiates its heat easily, and being 
a bad conductor does not get a fresh supply easily from the earth. 


220. HYGROMETERS.—The aluminium cup used in Exercise 
359 and the tube shown in Fig. 229 are simple forms of hygrometer, 
which is an instrument for determining the humidity of the air. 

In Daniell’s hygrometer (fig. 230), a 1V tube has a bulb at each 
end. The bulb A contains liquid ether and a thermometer; B is 
surrounded by muslin. 
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Some liquid ether is dropped on to the muslin, evaporates 
quickly, and cools bulb 8B, inside which the ether vapour begins 
to condense. Owing to the diminution of pressure, evaporation 
of the liquid in A at once commences; this process cools-bulb 4, 
which in its turn chills the external air in contact with it. The air 
thus chilled cannot retain its moisture and 
dew appears on the outside of A, which is 
made of black glass in order that the appear- 
ance of the film of moisture may be more 
easily seen. 

The temperature indicated by the ther- 
mometer when this film begins to form is 
the dew-point. 

The wet and dry bulb hygrometer consists 
of two similar thermometers mounted side 
by side on a stand (fig. 231). One of these 
| thermometers has its 
bulb covered with 
muslin, which is kept 
moistened with water 
by means of threads 
that dip into water 
contained in a small 
cup placed a few 
inches below. The 
water on the muslin 
is continually Cva- Fig. 281.—The Wet and Dry 

meter porating, and thus Bulb Hygrometer 
chills the bulb, 
so that the left-hand thermometer indicates a lower temperature 
than the right, which is simply exposed to the air. 

When the air is dry, evaporation proceeds rapidly and there is 
considerable difference between the thermometer readings; when 
the air is nearly saturated with moisture, evaporation is slow and 
the temperatures are nearly the same. The instrument does n 
directly give the dew-point, but this can be obtained from tab 
that have been drawn up by comparison with Daniell’s hygrometer. 


221. The aqueous vapour in the air condenses into variot 
forms. 

Cloud and Mist.—These are really the same; a mist is on 
a cloud touching the ground. Water vapour is invisible. Cl 
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are visible because they consist not of vapour, but of very small 
globules of water which can reflect the light. A cloud or mist is 
always formed when water vapour is chilled to condensation point. 
This often occurs in low valleys in the evening. 

On the tops of mountains clouds are formed by vapour-laden 
air coming in contact with the cold mountain. 

Clouds are formed or dissolved in the air when currents of 
vapour-laden air pass into regions of lower or higher temperature. 

The very small globules of water in a cloud begin to fall as soon 
as they are formed, but owing to their small size they fall very 
slowly, and often pass into vapour before reaching the ground. 
New ones are continually being formed, so that a cloud is con- 
tinuously changing. Under some conditions the very small drops 
condense more vapour on their surfaces and increase in size. The 
larger they are, the faster they fall. Hence they often reach the 
surface of the earth, and form rain. 

Snow and Sleet.—When water vapour passes rapidly into the 
solid state snow is formed. When this snow becomes partly melted 


Fig. 232.—Forms of Snow Crystals 


in falling it is known as sleet. Snow is simply a collection of ice 
particles arranged in a crystalline form as shown in fig. 232. 

When this rapid condensation takes place at the surface of the 
earth, hour frost is deposited. 

The formation of a hailstone is a complicated process not 
fully understood. A hailstone has a core of snow surrounded by 
layers of ice and snow, which are supposed to be deposited round 
the snow core in different strata of air through which the hailstone 
has been whirled by air currents. 
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CHAPTER XXVII 


Measurement of Expansion 


222. COEFFICIENT OF EXPANSION OF GASES. — The 
general facts of expansion as a result of heat have been dealt 
with in Art. 181. 

We have now to measure the amount of this expansion. 


. 


Gases 


Ex. 361.—A quantity of dry air is confined within a narrow tube a (fig. 233 
by a thread of mercury B about 2 cm. long. The tube should be not less thar 


Steam » Cc E Dd, 


Fig. 233.—Apparatus for Measuring the Expansion of a Gas 


half a metre long, open at one end and closed at the other. A barometer tub 
is suitable. A thermometer T is tied to the tube a, which is supported wt 
perforated cork ©, and a stopper D, inside a larger glass tube x. Through the 
stoppers of the outer tube there pass small tubes F, G, to serve as inlet and outle 
for steam. 

The whole apparatus should be suitably supported in a horizontal position 
The object of the experiment is to find the change in the volume of the air in Al 
when its temperature is changed by a certain known number of degrees. 

(1) The whole apparatus being at the temperature of the laboratory, tap th 
tube to assist the mercury thread B to take up its proper position; with a milli 
metre scale outside the tube E read the length of the column of air enclosed ii 
A by the mercury. For comparative purposes this length may be taken as the 
volume (2%). Also read the thermometer T. Call the temperature ¢,. 

(2) Pass steam in at F for several minutes. When the whole apparatus isa 
the temperature of the steam, tap the tube, and read again the length of the ai 
column and the temperature, Call these quantities v, and t. 

(3) Make a graph as in the following example :— 


t = 15°C.; », = 19%5; & = 99°C.: & = 951. 


The graph is shown in fig. 234, where the point A corresponds to a volumued 
19°65, and a temperature 15° C.; and the point B to a volume of 25°] and | 
perature 99° C, 


Produce the graph to the point ©, corresponding to 0° C. The volume att j 
temperature would have heen 18°7, y 


Se ee ee Se ce HT uly, SET Tee ‘ Lede 3 ae hye ri 
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Then we have 


Therefore (the expansion 
taking place regularly), accord- 
ing to this experiment, a volume 
= 1 at 0° C,, increases by ‘0035 
when raised to 1° C. 


The correct value of 


_ this quantity is ‘00367 or 


sty: this is the coefficient 
of expansion of air. It is 
the amount by which unit 
volume of air at 0° C. ex- 
pands when its tempera- 


ture is raised to 1° C. 


Since air expands regu- 
larly, it follows that if V, 
be the volume of a mass of 
air at 0° C., and V,, V, the 
yolumes at some higher 


_ temperatures /,, /,, then 


V, = V,(1 + -003674,), 
V, = V,(1 + 003671,), 


and so on. 

The coefficient of ex- 
pansion of air (generally 
written «) may also be 
found by the method in- 
dicated in the following 


~ example :— 


A flask was found by the 
method of Exercise 96 to have 
a capacity of 245 cub.cm. When 
fitted with a delivery tube and 
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Produce the graph similarly to p, corresponding to 100° C.; the volume at this 
temperature would have been 25°15. 


Volume at 100°C. _ 2515 _ 1°35 
Volume at 0° C. 18°7 
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Fig. 234. —Relation between the Volume and Tem- 
perature of a Quantity of Gas 


pincheock it weighed 90 grim. It was placed up to the neck in a bath at 100° C., 
and after some time the pinchcock was closed. 

The flask was then put into a vessel of water at 20° C. with its mouth down- 
wards and the pinchcock opened. Water rushed in. The pinchcock was then 


closed and the flask taken out, dried, and weighed. The weight was 142 grm., 


an 7 
>i), <i is a 
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showing that. 52 cub. cm. was occupied by water, and therefore that the air it 
contained occupied 193 cub. em. at 20°C. But this 193 cub. cm. occupied 245 
cub. em. at 100° C. Hence we have— 


Volume of air at 100° _ 245, 

Volume of air at 20° 193 

» 141000 _ 245 

1+ 204 193° 
whence a = *0036. 


The coefficients of expansion of other gases are about the same 
as that of air. 


223. RELATION BETWEEN THE TEMPERATURE AND 
PRESSURE OF A GAS. 


Ex. 362.-—If a mass of gas be en- 
closed in a vessel so that it cannot ex- 
pand, the effect of heating it is to cause 
it to exercise a greater pressure on the 
walls of the vessel. This pressure may 
be measured by a manometer. 

Fig. 235 shows the arrangement. A 
large glass bulb or a flask contains air, 
and is connected by a fine tube to a 
mercury manometer mounted on a stand. 
The bottom of the manometer consists of 
flexible tubing, so that the open arm can 
be raised or lowered, and thus any desired 
pressure obtained. 

(1) The bulb is placed in a water 
bath, so that its temperature may be 
varied as desired and read on a ther- 
mometer contained in the bath. 

The volume of the air is not allowed 
to change when the temperature changes. 
By altering the pressure the surface of 
the mercury in the closed arm is always 
kept at the same point—a mark A neat 
the bend of the fine tube. 

The bulb being at the temperature o} 
the room, the pressure is adjusted unti 

Fig. 235.—Apparatus to show the Relation the mercury stands at A. 
between the Pressure and Temperature of Read the thermometer (¢,°) and the 
a Quantity of Gas 
difference (p,) between the levels of th 
mercury at A and RB. 

Warm the bath about 20° C., and again record its temperature (f.°) and th 
difference of level (p.) between B and A. 

Proceed in this way with intervals of temperature of about 20° C. until th 
water boils. ‘ 
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Read the height (H) of the barometer, and add it to p,, ps. . . . Record thus:— 


Pressure on the Air 


/ Temperature | ne ee ae ee 
of Air. 2 : 

due to Mercury parse Pemapi nate 

Column. 


Atmosphere. 
ty” Pr aA+H - 


t& Ps P2 a H 


(2) Make a graph of the numbers in the first and third columns, as in Exer- 
cise 361, setting out pressures along the horizontal axis and temperatures along 
the vertical axis. A line drawn fairly through the points obtained will be 
straight if the observations are accurately taken. 

Find where the graph cuts the line of 0° C., and thus obtain pp, the pressure at 
0°C. Then as above— 

Po (1 + a ty) 
Po (1 + @ és), 


P2 

Ps 
and soon. Each of these equations enables a value of a to be found. Its value 
is the same as that found in Exercise 361, viz. ‘00367 or 4. 


224. THE AIR THERMOMETER.—The apparatus shown in 
fig. 235 may be used as an air thermometer. The bulb is placed in 
the space whose temperature is to be measured, and the mercury 
is adjusted to the fixed mark. The pressure is then ascertained, 
and the temperature is then calculated from the pressure according 
to the results of the last experiment. 


Example.—When the bulb of an air thermometer is at 0° C. the pressure of 
the enclosed air is that of 760 mm. of mercury. The bulb is placed in a vessel, 
and the pressure is found to be that of 1856 mm. of mercury. What is the 
temperature of the vessel? 


Pi = po(1 + ah) 
1856 = 760 (1 + ‘00367 ¢,) 
2°442 = 1 + '00367 t; 
00367 t+; = 1°442 
ty = 393°. 


225. ABSOLUTE ZERO OF TEMPERATURE.—It has been 
shown above that 1 cub. cm. of air increases in volume by 375 
cub. em. when its temperature is raised 1° C. Similarly, when its 
temperature is lowered 1° C. it contracts 57, cub. cm. If it con- 
tinued to contract at this rate, at —273° C. its volume would be 
nothing. This temperature —273° C. is called the absolute zero 
of temperature. 
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Ex. 363: -—(1) A quantity of air occupies a volume of 200 cub. cm. at 0° 
Calculate its volume at 100° ©., at 58° C., at 273°C., ab —58°C., and at — 273° C 
assuming that the pressure always remains the same. 

(2) A quantity of air exercises a pressure equivalent to that of 1038 mm. of 
mercury at 100° C. Calculate its pressure at 0° C., —100° C., and 546° % 
assuming that the volume remains unchanged. 


Liquids | 

226. ABSOLUTE AND APPARENT EXPANSION.—In the 
preceding experiments on air, the expansion of the vessel that con- 
tained the air was neglected because it was small. In determining 
the coefficients of expansion of liquids, the expansion of the vessel 
cannot be neglected. 

The effect of expansion of the vessel that contains a liquid was 
shown in Experiment 309. 

There are thus two coefficients of expansion of a liquid—thi 
coefficient of absolute expansion which shows the 
amount it actually expands, and the coefficient of 
apparent expansion which shows the excess of the 
liquid expansion over that of the containing vessel. 


227. APPARENT EXPANSION OF LIQUIDS. 
—The apparent expansion of different liquids may 
be compared by the method of Exercise 306. | 

Bulbs of suitable size and graduated tubes which 
may be joined to them by indiarubber (fig. 236) are 
sold by instrument makers. 


Ex. 364,—Fill the bulb with the liquid, and push in a 
tube until the liquid stands a short distance up the gradu 
stem. Place the bulb in a cold-water bath beside a mercury 
thermometer, and take the readings of each liquid on its scale, 

Slowly warm the bath, comparing the readings of the mer- 
cury thermometer and the liquid thermometer ev ery 10 degrees. 

Repeat the operation with some other liquid in the bult 
tube. 

Make a graph showing for each liquid on the same sheet of 
paper the amount of expansion with increase of temperatvre. 

These are apparent expansions. Compare them. 


; 
Ex. 365.—To find the coefficient of apparent expansion 0 
a liquid in glass. F 
Mercury or glycerine is suitable. 
Vie. 958 2 Bets Weigh a specific-gravity bottle. a 
Tube for Compar- Fill the bottle with mercury at the temperature of the aif 
ing the Expan- (suppose 18° C.), and (without handling the bottle unnecessaril 
sions of Liquids weigh again. ee 


; 


a le ie ee eB ed 
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The mass of mercury only is my grm. (suppose 213°2 yrm.). 

Place the bottle in a water bath up nearly to the top of its neck, and warm 
the bath to ¢,° (suppose 100° C.). 

Allow the apparatus to cool. When cool weigh again. The weight of the 
mercury only is m, grm. (suppose 210°6 grm.). 

Then taking the figures given as above, if x is the coefficient required, 


1 + rte oe mh. whence 1 + 100a a 213°2 


& +1002 _ 2132 as = -00015. 
Ce, oe ities “a 


A bottle or tube used as in this exercise is usually called a weight thermo- 
meter. 


228. THE ABSOLUTE COEFFICIENT OF EXPANSION 
OF LIQUIDS.—In Exercise 174 the densities of two different 


aA TACT UU mm aa: Ann 
Fig. 237.—Apparatus for Determining the Absolute Expansion of a Liquid 


liquids were compared by placing them one in each arm of a U tube 
and noting the difference of level of their surfaces. This difference 
was due to the difference in densities of the liquids. Now since the 
same quantity of a liquid occupies more space when it is hot than 
when it is cold, the hot liquid must be less dense than the cold 


: 
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liquid. Hones if we have a U tube with only one liquid in it, but 
with one arm hot and the other-cold, there will be a difference of 
level between their surfaces as in Art. 104, which will enable us to 
compare their densities. 

This principle is used to measure the absolute expansion of 
liquids. 

A convenient form of the apparatus is shown in fig. 237. | 

The U tube is the small tube, the top of each arm being benil 
round so that the two upper ends lie side by side. A millimetre 
scale placed behind these open ends enables the difference of level 
to be accurately read. 

When the apparatus is all at the same temperature the surfaces 
of the liquid in these two tubes are exactly at the same height. 

Each arm of the U tube is surrounded by a wider tube or 
jacket. If we pass steam through one jacket and cold water 
through the other for several minutes the surface of the liquid 
on the warm side rises to a higher level than that on the cold side. 

As it is only the vertical arms which we consider, it is necessary 
to keep the rest of the apparatus cool. This is effected by allow- 
ing the. cold water supply also to drip on to blotting paper a 
on the horizontal arms, near the warm tube. 

The following observations obtained in an experiment on mer- 
cury shows how the coefficient is obtained :— | 


Height of cold column of mercury 45°3 cm. 
Difference of levels sis is 8 Ci 
Temperatures of columns ... ... 100° C. and 15° C. 


Then if y is the coefficient, we have as before— 
V, . 1+ 15y _ 453 


V, 141009 46 
°, 38409 = 7 | 
y = ‘00018. 


The difference between this value and that obtained in Exercise 
365 gives the coefficient of expansion of the glass, which is about 
‘00003. 

Each different liquid has a different value for the coeficen 
of expansion. 


229. EXPANSION OF WATER. — The changes of volu 
undergone by water as its temperature changes are of es 
interest. 
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‘Ex. 366, —Take a small bulb of 2 or 3 cub. em. capacity, such as that shown 
fig. 236. Attach a short piece of indiarubber tube to its neck; put in the bulb 
m me mercury equal to aeerenth * the volume of the bulb; fill up the bulb 


rise Ee the tube, and no air must be enclosed. 

_ Place the bulb in a water bath of temperature about 15° C. Read the level of 

_ the top of the water,column and the temperature on a thermometer placed in the 

bath. These two readings are to be taken for several temperatures down to 

about 0° C. Record them in two columns. The temperature intervals should 

not be more than 2° or (when below 10°) more than 1°. To obtain the tempera- 

tures make a mixture of ice and salt in a separate vessel, and drop small quan- 

B iitica of this freezing mixture into the bath as required. 

= The reason for adding the mercury in that particular amount is that the 

_ mereury contracts just as much as the bulb does, so that the part of the bulb 
filled with water does not change in volume. The effect observed is that due to 
_ the contraction of the water only. 

Make a graph of the observations, plotting temperatures along the base line, 

and beights of liquid column along the vertical line. 


The correct curve is given in fig. 238. It shows that water as 
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it is ia continues to contract until its temperature reaches 
4° C., after which further cooling causes it to expand. 

The temperature of maximum density of water may be observed 
* by an apparatus such as that shown in fig. 239. 


Ex. 367.—A cylinder having two thermo- 
meters projecting from the side, one near the top 
and the other near the bottom, is filled with water 
at the temperature of the room. Round the middle 
of this cylinder is a trough which is filled with a 
mixture of ice and salt or some other freezing 
mixture. This cools the central belt of water, 
which contracts, becomes bulk for bulk heavier, 
and therefore sinks to the bottom. This process 
continues until the lower thermometer marks 4°, 
the upper thermometer so far remaining almost 
stationary. When, however, the lower thermo- 
meter marks 4° it falls no lower; but the upper 
one is now affected, and rapidly falls to 0°. The 
colder water has now gone to the top, showing 


Fig. 239.—Hvupe’s Apparatus 
for Determining the Tempera- te ay 
ture of ica Sie Density of that it is lighter bulk for bulk, or less dense. 


Water 


Since the water at 4° sinks to the 
bottom while water above or below that temperature rises to the 
top, 4° C. must be the temperature of maximum density of water. 
In consequence of this fact the water at the bottom of lakes is 
very seldom below 4°. When the surface water is chilled to that 
temperature it sinks, and the lighter rises to the surface to be 
chilled and to sink in its turn. So that before the surface can 
freeze, the whole mass must be reduced to 4°, and if the depth be 
considerable this takes much time, so that the process of freezing is 
thereby retarded. 


Solids 
230. COEFFICIENT OF EXPANSION OF SOLIDS.—The 


amount of lengthening of a rod of a metre in length or less is very 
small when the rise in temperature is not more than 100° C. 
Various methods of measuring this small quantity are in use. 
They are of two kinds: 
(a) By using a lever to magnify the motion in a known ratio. 
(5) By actually measuring the increase of length itself by a 
vernier, a wedge, a micrometer screw, a spherometer, or a micro- 
scope. 


In all the methods one end of the bar is firmly fixed, and the 
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lengthening is measured at the other end, which is free, i.e. not 


fixed. 

The measurement made is usually the alteration in length that 
takes place when a bar is heated from the temperature of the labora- 
tory to that of steam. 


Ex. 368,—First Method. A convenient apparatus is shown in fig. 240, but 
need not be exactly of that form. 
A tube s is firmly fixed near one end a. The other end passes at B through 


Fig. 240.—Measurement of Solid Expansion by the Lever Method. (Comerton’s apparatus.) 


a lever BD, whose fulcrum is a pin atc. The arm Bc is short; the arm cp is long. 
The point D has a millimetre scale behind it. 

Suppose the length AB is one metre, and that cb = 10sec. 

(1) At the temperature of the laboratory (suppose 15°) read the position of the 
index D on scale E (suppose 2). 

(2) Pass steam (at 100° C.) through the tube s. When it has passed for some 
time read the position of D on the scale E (suppose 17). The elongation of the 


bar is therefore i 2 ~ 15mm. Then— 
A bar of length For a rise of temperature Has increased in length by 
i os ose 15 cm. : 
ae... ee... __19 __ _ .000018 em. 
100 x 85 


The quantity ‘000018 is the linear coefficient of expansion of the 
bar. The determination of the length of the bar at 0° C. is unneces- 
sary in this case, as the change is so small. 

A coefficient of linear expansion is thus a small fraction 
expressing the ratio between two quantities, viz.: 

(a) The change in length of a rod composed of the given sub- 
stance when its temperature is altered 1°. 

(b) The whole length of that rod at 0°. 

The coefficient is different for each different solid, 
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Ex. 369.—Second Method. In another form of apparatus (fig. 241) the bi: 
A is surrounded by a glass tube B, which is slightly shorter than the bar. Bot 
are placed vertical, standing on a slab of glass or slate. The upper end of tl 
bar projects a very short distance through 
hole in a flat plate on which stands a spher 
meter with its central screw touching the tc 
of the bar. 

The whole apparatus being at the ten 
perature of the laboratory (4°), the spher 
meter is adjusted as in Exercises 39 and 4 
and its reading taken. 

Steam is then passed for several minut 
through the tube B, and when the bar is + 
100° C., the spherometer is again adjuste 
and its reading taken. 

The difference between the readings of tl 
spherometer shows the increase of length | 
the bar when heated from t,° C. to 100° ‘ 
The calculation of the coefficient is exactly : 
in Exercise 368. 


In another convenient form 
apparatus one end of the bar is fixe 
and the other end abuts against a thi 
wedge graduated like the cone gaug 
shown in fig. 10. This wedge fills t 
a crack left between the end of tl 
bar and an arm fixed on to the star 
of the apparatus. 

Fig. 241.—Measurement of Expan- When the bar is cold the wedge 
sion by a Spherometer inserted in the crack and measures 1 
width. 

The bar is then heated by steam passed through its jacket, 
in the preceding experiment, and the width of the crack is aga 
measured by the wedge. 

Example.—A bar of copper was 50 cm. in length. The readings of the wed 
which was read three times, were :— 

At 14° C.: 4°64, 4°60, 4°58; mean 4°61. 
At 98° C.: 5°27, 5°35, 5°31; mean 5°31. 


Thus a bar 500 mm, long, heated from 14° C. to 98° C., lengthened by ‘7 mt 


and approximately the coefficient of expansion is as = ‘000017. 


231. RELATION BETWEEN THE LINEAR AND VOLUX 
COEFFICIENT OF A SOLID,—Suppose we have a cube whe 
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edge measures exactly 1 cm., and whose volume is 1 cub. cm. at 
—0°C. (fig. 242). Then if this cube be heated to 1° C. its edge mea- 
sures (1 + x) cm., and its volume is (1 + ~)’ cub. em. 


And (1 + «)) = 1 + 3a + 32? + 2. 


But x itself is very small, and 32? and «® 
are much smaller. Practically, therefore, they 
are neglected in considering expansions, and it 
is taken that the volume of the unit cube men- 
tioned above is (1 + 32) cub. cm. The increase 
of volume is 32 cub.cm. This 32 is the. co- 
efficient of cubical expansion of the solid, and 


vd : ‘ Pig. 242. —Linear and 
is expressed by a number three times as great Cubical Expansion 


as that expressing the linear coefficient. 
For coefficients of expansion, see table on p. 409. 


Ex. 370.—(1) A metre scale aB has a needle passed through it at a point ¢, 
which is 2°5 cm. from A. The end 4 is placed against one end of a metal rod at 
15° C., and the end B against a scale. When the metal rod, whose length was 

100 cm., was heated to 100° C., the end B of the lever moved through a distance 
of 46mm. Find the coefficient of linear expansion of the metal. 

(2) A thin flat bar of iron is firmly screwed on top of a bar of copper of exactly 
the same size, so as to make a bar twice as thick as either separately. When 
heated this bar bends. Why? In which direction does it bend when heated ? 
(8) A glass bottle holds exactly 20 lb. of mercury at 0° C. How much will 

be expelled when the temperature is raised to 80° C. if the coefficient of apparent 
_ expansion of mercury in glass 1 is ‘000154? 
) (4) A density bottle is filled with glycerine at 15° C., and its weight is then 
168 grm. After being heated to 100° C. its weight is 163°6 grm. The bottle 
itself weighs 5°6 grm. What is the apparent coefficient of expansion of glycerine? 

(5) What is the change of length of 75 m. of telegraph wire (coefficient of 

expansion ‘0000123) when its temperature is raised from 0° C, to 30° C.? 
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PART V.—SOUND 


CHAPTER XXVIII 


Sound 


232. SOUND PRODUCED BY VIBRATION.—It was de- 
monstrated in Exercise 261 that a rod vibrates isochronously, and 
such vibrating rods were used in Chapter XVII to measure short 
intervals of time. It was also shown that the shorter the rod the 
quicker the vibrations. , 

Ex. 371.—Clamp a thin strip of steel, such as a piece of clock spring or a 
knitting needle, firmly at one end, and set it in vibration. Shorten it until a 
continuous low sound is heard (not the sharper sound produced at the instant of 
starting). Continue to shorten the rod by successive steps, and observe the 


effect of altering the length of the rod on the sound given out. Note also the 
appearance of the end of the rod. 


Such regular sounds as those given out by the rod are called 
musical notes. The long rod produces a Jow note, the shorter rod 
a higher note. 

When a rod is vibrating slowly the oscillations can be seen, but 
not heard; as the vibrations quicken they can be both seen and 
heard; when they are very quick they can be heard but not seen. 

The number of vibrations made in a second is in sound called 
the frequency of the vibration. 

A tuning fork is a steel bar bent into a U shape with a stem or 
handle at the bend. Such forks are frequently used for the pro- 
duction of musical notes. They should be carefully used, and 
struck either by a padded wooden hammer like a piano hammer, 
or on a padded block. 

Ex. 372,—Fix the stem of a tuning fork firmly in a block of wood, or clamp 
it in a vice. Set the fork in vibration by drawing a resined violin bow over one 
prong, or by tapping it smartly with a proper hammer. The movement of the 


prongs gives them a shadowy appearance. Bring up against one prong of the 
243 
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fork a pith ball suspended from a stand (fig. 243). The pith ball is knocked away, 
In a similar manner a match balanced on the top of the finger is knocked off. 

Bring up against one prong the edge of a slip of paper held in the fingers. The 
jarring may be felt. 


— 


— ~ 


I oo Uy 


Fig. 243.—Pith Ball knocked away Fig. 244,—The Lengthening and Shortening of a 
by a vibrating Tuning Fork vibrating Rod 


EX, 373.—Longitudinal vibrations of a rod. A long rod or tube of metal 
or glass is firmly clamped exactly in the middle. A hard ball 
is suspended so as to lightly touch one end (fig. 244). 

Draw a damp cloth over that half of the rod which is farthest 
from the ball: a sound is produced, and the ball is knocked away 
as by a blow. In fact it received a blow. The two halves of 
the rod lengthened and shortened very rapidly, and when the 
rod lengthened a small quick blow was given to the ball. 


Ex. 374.—Vibrations of a string. Take a piece of thin 
string about a metre long. Plant your heel firmly on one end, 
and hold the other in your left hand. Pull this end, and thus 
stretch the string moderately tightly. Pluck the string near the 
middle with one finger of the right hand. A sound will be 
heard, and on looking down along the string it will be seen for 
a short time to present the appearance shown in fig. 245. The 
spindle disappears, and the sound ceases at the same time. 


This experiment is more under control if con- 
ducted in the manner indicated in fig. 246, where 
the string or wire is fastened to a board or a table at 
one end, passes over two bridges and a pulley, and 


Fig. 45.—A 
Vibrating String iS Stretched by a weight attached to the other end. 


Such an instrument is called a sonometer. 
With a small weight the string is not tightly stretched, the 
vibrations are plainly seen, and the sound heard is a low note. 
With a large weight the vibrations are very rapid, and the 
sound heard is a high note. 
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Fig. 246.—A Sonometer 


The difference between a high note and a low note is called a 
difference in pitch. 


Thus the pitch of the note given out by a string depends upon 
the tension of the string. 


Ex. 375.—Vibrations of a bell. These may be shown by a bell jar (fig. 247) 
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or large evaporating basin supported with its mouth upwards, and kept in position 
by pressing down in the middle with a wooden rod. 

Start the vibration by a tap on the rim, or by drawing a resined bow across it. 
Hang a pith ball against one part of the rim, and press a sharp point or the 
blade of a knife against another part. In some positions the pith ball is knocked 
away. 

Half fill the vessel with water. On bowing the edge, wavelets are produced, 
If a little ether be poured on the water small drops spring up. 


Ex. 376.—Vibrations of a plate. Strike a tuning fork, and hold it by the 
stem. ‘The sound is distinctly heard, but is not loud. 

While the fork is still vibrating place the stem in contact with a table or the 
panel of a door. A much louder sound is heard. 

This suggests that the flat surface has been set in vibration. If the fingers 
be placed on the front of a piano and a low note be struck, the vibration of the 
wood may be felt. 


Ex. 377.—Take a thin plate of glass or metal. Brass is best. It may be 
round or square, but should be quite flat. 


“y 


Fig. 248.—The Vibrations of a Plate 


Fix it firmly at its middle point. This may be done either by screwing it o 
a stand, as shown in fig. 248, or by a clamp of the form shown in fig. 249, or les 
effectively by putting it on a small disk of cork and pressing on the upper side. 

Strew a thin layer of fine dry sand over the plate, 

Draw a resined violin bow carefully over the edge of the plate. If the plat 
he square, how at the middle of one side. After a few attempts a musical not 
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will be heard. At the same time the sand will spring up and down, and begin to 
move towards some parts of the plate and away from 
others. 

By pressing with the point of a nail or knife on 
some point of the plate, or as in fig. 248, and bowing 
in different places, the motions of the sand are made 
regular ; it collects along certain lines and leaves other 
parts bare, thus forming patterns. 


These patterns are called Chladni’s figures. 

In the case of circular plates the sand in 
simple cases collects along radial lines. Fig. 240.—A Clamp for 

The vibrations of different parts of the Chladni’s Plates 
plate are shown by the behaviour of the 
sand. It is tossed away from parts where the motion of the plate 
is greatest, and collects at the parts where that motion is least, 
showing that the plate vibrates in parts or 
sections. 

If lycopodium powder be also sprinkled 
on the plate, it forms little whirlwinds above 
the parts where the plate is vibrating most 
vigorously. 

Ex. 378.—Vibration of a column of air. In 
whistles, flutes, and organ pipes the vibrating column 
» of air is the source of sound. 

Fix vertically a wooden organ pipe that has a glass 
front (fig. 250), and either by organ bellows or ordi- 
nary laboratory foot bellows blow air into it. Down 
the pipe lower a small tambourine on which are a few 
grains of sand. The tambourine must be consider- 
ably smaller than the pipe. When the pipe is sound- 
ing the sand is disturbed, and the rattling of the 
grains on the membrane may be heard, and their 
movement seen. 


The vibration of the air in sounding 
tubes may also be shown by the method 
of Exercise 377. If a short wooden 
whistle be passed through an indiarubber 
stopper closing a large glass tube lying 
horizontally and having fine silica powder 
strewed along it, on blowing the whistle 
the powder collects into heaps. 

That liquids vibrate in the same manner 


“er ¥ Vig. 250.—Vibration of a 
as air is shown by the fact that a whistle Column of Air 
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. E 
placed in .a tub of water may be blown by forcing water 
through it. | 
The foregoing experiments illustrate the chief means by which 
sound is produced, and it is seen that its origin is a vibrating body, 
which may be a solid, a liquid, or a gas. | 
Many of the sounds heard in daily experience—such as the 
noise made by a train or cart in motion—are very complicated, but 
such noises are often accompanied by larger vibrations that can be 
felt. The player of a wind instrument, such as a bassoon, can feel 
the trembling of the reed: if you put your fingers on your throat 
when talking, or on a cat which is purring, the vibrations can 
be felt. 
It was shown in Exercise 261 that slow vibrations do not pro- 
duce sound. Very quick vibrations also do not produce sound. 
Sound is a sensation produced by the vibration of a mechanism 
inside our ears. The vibrations of bodies are communicated by 
them to the air, and by the air to this mechanism in the ear. But 
if the vibrations are slower than about 16 in a second, or quicker 
than about 30000 in a second, most persons cannot hear any sound. 


233. TRANSMISSION OF SOUND VIBRATIONS. — Com- 
mon experience shows that sound vibrations can pass along through 
air, as nearly every sound that-we hear under ordinary circum- 
stances reaches us through the air. 

Many other substances—solids, liquids, and gases—can also 
transmit sound vibrations. 


Solids 


Ex. 379,—Set a tuning fork in vibration, and place the stem of the fork on 
the table or against a panel of a door, or any large thin piece of wood. Note the 
greatly increased loudness of the sound. The board is set in vibration by the 
fork. It is called a sounding board, and is employed in the piano and in the 
violin. 

In order to test the capacity of substances for transmitting sound vibrations, 
place them between the stem of a vibrating fork and a sounding board, in contact 
with both fork and board. Test in this way :— 

(1) Rods of wood, metal, glass, ebonite, shellac, resin. 

(2) A candle, a cork, an indiarubber stopper, a thick layer of felt or flannel, a 
cushion, a piece of wax, a piece of putty. 

(3) A piece of indiarubber tubing, having a piece of glass rod or wooden rod 
in each end. 

(4) The same indiarubber tube quite filled with water up to the solid plugs. 

(5) For such substances as wire, string, cotton, fasten one end to the sounding 
board and the other to a small piece of wood. The stem of the fork is pressed 
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_ against this small piece of wood, Try these substances when stretched tightly, 
and when hanging slack. 

_ __ According to the loudness of the sound heard from the sounding board, classify 
_ the interposed substances into good} fair, and bad conductors of sound vibrations. 
_ The difference between (3) and (4) indicates the effect of the water. 


Liquids 


Ex. 380.—(1) Ring a small bell in a vessel of water. 

q (2) Place a liquid in a beaker standing on a sounding board. Just into the 

liquid dip a wooden rod, and apply the stem of a vibrating tuning fork to the 

' other end of the rod. 

oa (3) Let a stream of water from a tap fall on a sounding board. Apply a 
“vibrating fork to the board and the ear to the water pipe. 


# : Gases 
. 


a The fact that gases conduct sound waves may be shown by an 
_ apparatus such as that of fig. 251. 
____ An electric bell is suspended inside a bell jar by means of thin 
threads from an indiarubber stopper. Wires 
are brought from the terminals of the bell 
_ through the stopper and connected to a circuit 
_ Containing a battery and a key (Chap. XL). 
____ The bell jar is then placed on the plate of 
an air pump and the air pumped out. As the 
~ exhaustion proceeds, the sound heard when the 
_ bell is rung becomes fainter. When the vacuum 
_is good scarcely any sound is heard. 4 perfect 
— vacuum does not conduct the vibrations at all. 
If a gas other than air is then admitted 
into the jar the sound of the bell is again 
heard. 
__ All these experiments show that the vibra- Bic. 251.—Experimean 
tions that produce sound can travel through show that a Vacuum does 
very many substances. Metals and wood are “itn eoenct Soon 
very good conductors. The tickings of a 
watch which is in contact with one end of a long rod can be plainly 
heard by an ear placed at the other end of the rod. If a piano 
be placed in one room and a sounding board in a second room, 
and a long rod connect the two, the sound of the piano is heard 
_ almost equally well in both rooms. 
Felt, indiarubber, and putty are bad conductors of sound, 
7 
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The experiments also show that substances which can be made 
to produce sound vibrations also conduct them. 

The two effects are the same—the-substance is set in vibration. 
Substances which cannot be set in vibration, of course, cannot either 
produce sound vibrations or transmit them. These substances are 
called inelastic. All gases and liquids and many solids are elastic. 
They can themselves vibrate, and generally transmit those vibra- 
tions which produce the sensation of sound. 

234. MODE OF PROPAGATION OF A SOUND WAVE. 
—In Exercise 373 when the rod was giving out 
a sound the ball at the end of the rod was moved. 
If a long glass tube be in a similar manner held 
by the middle, and a damp cloth be rubbed quickly 
over one-half of the tube, the other half is some- 
times broken into rings (fig. 252). 

These experiments show that the particles of the 
tube are in motion to and fro with a regular swing. 

The motion of the sand in Experiment 378 
shows that when sound is passing through air the 
particles move to and fro. 

An apparatus such as that shown in fig. 253 
illustrates what is taking place. A number of 
wooden balls are suspended from a wire, each pair 
of balls being separated by a spiral wire spring. 
On striking the first ball the spring attached to it 
is compressed, and in the recovery from this com- 
pression pushes the second ball forward and the 
first ball backward; the second ball, in its turn, by 
means of the spring, communicates the motion to 
the third; and so on along the whole row of balls, 
so that the last ball can be made to knock against 
a plate and give out the energy originally com 
municated to the first. Thus a pulse travels along 
the spring. Within certain limits, the rate of pro 
pagation of the pulse depends on the stiffness of th 

Fig. 252,—A Glass Springs. When they are stiff the pulse travels fast 
Fone ts Pee. when the springs are feeble the pulse travels slowly 
tions. (Tyndall) The following are the characteristic features 0 

the motion :— 

(i) The impulse given to the first ball is transmitted along th 


whole line. 


ee ee ee ee 


SOUND 251 


(ii) At one portion of the line the balls are approaching and the 
springs are closing up; at another part of the line the springs are 
opening out. Call these portions respectively the condensations and 
rarefactions. If successive shocks be given to the first ball, the 
condensations and rarefactions travel alternately along the line, 
and such a regular set of movements is called a wave motion or 
a wave. 

(iii) Each ball and each part of the spring vibrates to and fro 
on each side of its position of rest. 

(iv) The direction of the swinging motion of the balls and 
spring is in the line along which the wave travels. 

(v) The velocity with which each ball moves is quite different 
from the velocity with which the wave travels. 

A careful consideration of these points will give a fair idea of 
the mode of propagation of sound in air. The balls represent 
particles of air, the springs represent its elasticity, and we have 
seen that air is easily compressed and is perfectly elastic. 

When a number of the particles of air receive a knock of such 
a character as to produce simple rectilineal vibrations, these particles 
pass the knocks on to those lying near them, and these again to the 
adjacent particles, and so on. 

This state of affairs constitutes a sound wave. 
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ig. 253.—Character of a Sound Wave | Hie - / 
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Thus the lower half of fig-“253 illustrates the condition of the 
air in a tube along which a series of sound waves, produced by a 
tuning fork, is maintained. In the darker portions the particles 
are crowded together; this represents the condensed part of the 
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wave. In the lighter portions—the rarefactions—the particles are 
farther apart. ; 

Think only of the right-hand prong of the fork. When this 
prong moves to the right, it squeezes up the air in front of it, the 
motion being so quick that the air cannot get away. This portion 
of compressed air instantly begins to expand and squeezes the next 
layer, and this the next, and so the compression is passed on along 
the tube. When the prong moves to the left a rarefaction is pro- 
duced; and this is in like manner passed on through the tube. 
Thus a series of condensations and rarefactions travels along the 
tube. Hach separate particle of air merely swings to and fro 
through a very small distance, being at one time in the middle of 
a condensation, then in the middle of the succeeding rarefaction, 
then again in the middle of the next condensation, and so on. 

Terms.—A wave length is the distance between the centre of one 
condensation and the centre of the next. It is also the distance through 
which the disturbance or pulse has travelled onward through the sub- 
stance while each particle has performed one complete vibration. 

The period of the vibrations is the time in which the pulse 
travels a wave length or a particle makes a complete vibration. 

Amplitude of vibration has been explained in Art. 158. 

Evidence of the existence of these condensations and rarefactions 
in the substance is given by the breaking of the glass tube (fig. 252), 
which is torn asunder by the particles moving in opposite directions. 
It may also be shown by causing two sound waves to meet in such 
a way that the condensations caused by one come in the same place 
as the rarefactions produced by the other. When this is done no 
sound is heard. The two sound waves thus imposed on one another 
cancel each other and produce silence. This effect may be got from 
a tuning fork. 

Ex. 381.—(1) Sound a tuning fork with the stem held in the hand. Only 
a feeble sound is heard. Slip a small cylinder of paper over one prong without 
touching it. Is the sound louder? You have prevented the waves proceeding 
from one prong from interfering with those coming from the other. 

(2) Hold a sounding tuning fork with its prongs near the ear. Turn it round 
into various positions, and note the change in the loudness of the sound. In one 
position almost complete silence is obtained. This position is when the rare- 


factions of the wave caused by one prong reach the ear at the same time as the 
condensations from the other prong. 


235. REFLECTION OF SOUND WAVES.—In experiments 
with the spring (fig. 253), it is observed that the motion is turned 
back or reflected, just as a water wave is reflected by a wall. 
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When a person wishes to catch a very faint sound, besides 
: _ turning his ear towards it, he often curves’ his hand in a forward 
_ direction round his ear. 
: A fan or a piece of wood held at a suitable oblique 
_ angle has the effect of enabling such sounds to be better 
heard. 
3 The explanation of this fact is that the surface reflects 
into the ear a part of the sound wave that would have 
gone by the ear. 
3 Persons who are partially deaf employ a special 
_ apparatus for this purpose. Fig. 254 shows such an 
E ear trumpet, which is used to reflect waves into the pig 254 an 
S ear. Ear Trumpet 
Similarly, when it is desired that one’s voice should 
_ be heard beyond the ordinary distance, speaking tubes and speaking 
~ trumpets are used. 
: A speaking tube is often put in a large building from one room 
to another. It is a small pipe having a mouthpiece at each end. 
_ A person speaking into one end 
is heard quite plainly by a per- 
son whose ear is placed to the 
_ other end. 
Ex. 382.—Take a long glass tube 
_ Made up of several pieces joined to- : 
gether by short pieces of indiarubber Fig. 255.—Refiection in a tube 
tubing. Place a watch in a funnel at 
one end, and the ear against a funnel placed in the other end. The ticking of 
the watch may be heard much farther than through the open air. 
Fig. 255 illustrates the action of the tube, which reflects part of the sound 
waves onward from one side to the other of 
‘the tube. —___—.¢___f 
7 Ex. 383.—Place two large tubes A,B 
equally inclined to a wall or hard surface (fig. 
256). At B place a watch, and cover the 
watch and the mouth of the tube with a 
cloth. The ticking of the watch may be 
heard by an ear placed at a. By changing 
the angles aon and Bon, it is found that the 
loudest sound is heard when these two angles SY 
e equal, thus showing that not only is the 
Bound wave reflected by the wall, but that Fig. 256.—Reflection of Sound Waves 


; ‘the reflection obeys approximately the law of by a wall 
‘light reflection (Art. 259). 
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: That this is the case, too, may be seen from the following ex- 
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periment. ‘Let two concave mirrors be placed facing each other 
several yards apart (fig. 257). In the focus of one mirror (Art. 268) 
place a watch, and in the focus of the other place one end of a 
tube, of which the other end is held to the ear. The ticking of 
the watch will be plainly heard. 

Whispering galleries are examples of this reflection ; the sound 


Fig. 257.—Sound Waves reflected like Light Waves 


waves are reflected from many points in such directions that the} 
converge to one point. 

Echoes.—If a person standing in front of a high cliff or wal 
make a short sharp sound, he hears it repeated, provided that h 
stand far enough away from the wall. This second sound is calles 
an echo, and is produced by the wave which has travelled to th 
wall, and has been there reflected to the ear. The echo cannot b 
heard as a distinct sound unless the observer stand sufficiently fa 
off to allow the interval between the two sounds to be long enoug 
for the ear to regard them as distinct impressions. If he stan 
near the obstacle the effect on the ear is to prolong the first sound. 

If he retreat farther and farther away from the cliff, the intervé 
of time between the sound and its echo will grow longer. A fai 
idea of the velocity of sound can be got in this way. 

The rolling of a clap of thunder among mountains is mainly du 
to the waves which are reflected to the observer successively fro! 
hillsides more and more distant. So, too, the ring of the trea 
which is heard when a person walks between parallel walls is dt 
to a long succession of small echoes which are produced by the su 
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cessive reflections of the sound waves from one wall to the other, 


in a manner similar to the reflection of the light in fig. 289. 


Reflection of sound waves causing echoes may take place from 


the surfaces of liquids and gases. The rolling of thunder is in 


} 
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forks. of 
‘This may be done by the method of Exercise 262. The tuning forks mav + 


part due to the reflection of sound from masses of air which, by 
reason of difference in density, act as obstacles to the passage of the 
wave through them. 


236. NOISE AND MUSICAL SOUND.—Most of the sounds 
developed by such means as those employed in Exercises 371 to 
378 are musical sounds. The sound given out by a tuning fork 


may be taken as the type of a musical sound. 


When a book falls fiat on the floor the sound heard is a noise. 
If several successive notes on a piano be struck at the same time, 


the sound heard is a noise, whereas a single note or a properly 


selecved combination of notes gives a musical sound. The difference 
between a noise and a musical sound is thus a matter of the effect 


on the ear. 


The difference in this effect is due to difference in the character 
of the vibrations. In a noise there are many vibrations of different 
periods, which have no relation to one another; in a musical sound 
there is either a single vibration, or a combination of vibrations 
whose periods are related to one another. 


237. FREQUENCY AND PITCH.—In Exercise 371 it was 
shown that the pitch of the note given out by a vibrating rod was 
higher when the vibrations were quicker and lower when the vibra- 
tions were slower. This is expressed by saying that the pitch of 
the note depends upon the frequency of the vibration. 

The above general relationship may also be shown by drawing 
a piece of thin cardboard or the thumb nail over hard corded 
materials, such as corduroy, Brussels carpet, tapestry, or corded 
silk. Doing this at different rates, higher or lower notes are pro- 
duced by quicker or slower motions. 

In Savart’s apparatus, a piece of cardboard is so fixed that the 
teeth of a revolving wheel strike against the card. If the wheel 
has « teeth, and revolves y times per second, then the frequency 
of the note given out by the card is zy. In some such manner 
frequency is measured. 


Ex. 384.—Comparison of the frequency of the notes given by two tuning 
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horizontal, sea the plate may be pulled along undemenit them, or the appara’ 
shown in fig. 258 may be used. | 

Attach to one prong of each fork a thin bristle. 
may be done by wax. The movable plate is best 
of glass which has been thinly covered with smoke 
holding it above the flame of a candle or over burni 
camphor, Fix the stems of the forks firmly to a block o: 
wood in such a position that the bristles just touch the 
plate. 

Set the forks vibrating so that they are sounding 
loudly, and then if the plate is vertical let it fall, or if it 
is horizontal it may be moved along quickly by hand. 
Careful adjustment is required to get clear curves, 

Choosing portions of the curves which are clear, count 
the number of waves in a measured length. Then these 
numbers are in the ratio of the frequencies of the forks. — 


Ge 
The musical interval or the difference be- 
tween the pitch of the notes of the forks must 
be judged by the ear. 
Fig. 258. —Comparison Gurh a ] d > | 
of the Frequencies of uch intervals correspona to simple nu- 
Two Tuning Forks merical relations between the vibrations. 


Unison.—Notes that are in unison are pro- 
duced by the same number of vibrations per second. 


Octave.—The octave above any given note is produced by 
double the number of vibrations per second that correspond to that 
note; the octave below, by half that number. 


Fifth.—The interval of a fifth is that between two notes whose 
rates of vibration are as 3 to 2. 


Measurement of Frequency.—The frequency of vibration corre- 
sponding to any given note may be obtained directly by the siren. 
This instrument is shown in figs. 259 and 260. At the bottom 
is a pipe, by which air may be blown from bellows below into a 
chamber, the top of which is pierced with a number of holes bored 
through it slantwise at equal distances round a circle. On the top 
of this chamber is a circular plate also pierced with the same 
number of holes arranged round a circle of the same size. These 
holes slope in the opposite direction to those in the plate beneath. 
This upper plate has, passing through its centre, a spindle which 
is pivoted at the centre of the lower plate, and passes through holes 
in a framework above. The spindle also carries an endless screw 
capable of turning toothed wheels which are set up in this frame 
work, and which carry pointers outside to act as counters. Arrange 
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Fig. 259 Fig. 260 
The Siren, by which Frequency is Measured 


ments are made by which these wheels can be thrown in or out 
of action at pleasure. 

The counters being read and thrown out of gear, air is forced 
through the pipe into the central chamber. There it rushes through 
the small holes, and as each jet of air strikes on the side of the cor- 
responding hole in the upper plate the pressure causes that plate 
to revolve. As it revolves, whenever the passage is clear, little 
puffs of air issue from the holes; the puffs set up vibrations in the 
air, and when they succeed each other sufficiently rapidly.a musical 
note results. The faster the wheel revolves the higher is the 
note produced. The speed of the wheel is adjusted by steady 
blowing and gentle friction of the axle until the note is that of 
which the rate of vibration is required. The counters are then 
thrown into gear, the note is kept steady for several seconds, when 
the counters are thrown out of gear and again read. The difference 
between the two readings of the counters gives the number of 
revolutions; this number multiplied by the number of holes in the 
movable disk gives the number of puffs, i.e. of vibrations. It only 
remains to divide by the number of seconds, and the number of 
vibrations per second is obtained. 
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238. VELOCITY OF SOUND.—That a sound wave takes a1 
appreciable time in travelling through air is evident from commot 
facts, Thus the flash of a gun is seen some time before the sounc 
is heard by a person a few hundred yards distant. A clap o 
thunder is heard a greater or less time after the flash of lightning 
is seen, according to the distance of the observer from the centr 
of the discharge. 

Moreover, it is evident that all ordinary sounds travel at th 
same rate, since a peal of bells may be heard two miles off in correc 
order, and a tune played by a band reaches the ear as it is played. | 

The velocity of sound in air has been determined very accuratel, 
by French and Dutch experimenters. Two elevated stations wer 
chosen several miles apart. From these stations guns were fired 
and observers noted the times at which the flash was seen and th 
sound heard. The interval between these times was the time take 
by the sound wave to travel the distance, since the time taken b 
the light in passing from one place to the other was too small t 
be taken into account. It was found that it took, at the ordinar, 
temperature of the air, just about 4} sec. to travel 1 mile, which i 
at the rate of 340 metres in | sec. 


239. CIRCUMSTANCES INFLUENCING THE VELOCIT 
OF SOUND IN ATR. 

(a) Temperature.—It is found that sound travels faster throug 
warm air than through cold air. The velocity depends on th 
ratio between the elasticity and the density of air, and it has bee 
shown that these change with the temperature. 

The velocity of sound in air increases with rise of temperatur 
Taking the velocity at 0° as 332 m. per second, the velocity : 
#C. = 332a/1 + :00366¢ m. per second. In warm air each way 
length is a little greater than in cold air. 

(b) Pressure.—Change of pressure has no effect on the velocit 
of sound in air, owing to the fact that such change alters th 
elasticity and density in the same ratio; thus keeping the fractic 
elasticity 

density 
at great heights than at the sea level is due to the lower tet 
perature prevailing high up in the atmosphere, not to the diminisht 
pressure there. 

(c) Wind.— When the air is carried bodily forward in the san 
direction as the sound wave, the actual velocity of propagation | 


unchanged in value. The fact that sound travels slow 
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the wave is then equal to the velocity in still air plus the velocity 
of the wind. When the wind is in the opposite direction the 
velocity of the wave is similarly diminished. 


240. CONNECTION BETWEEN WAVE LENGTH, VELO- 
CITY, AND NUMBER OF VIBRATIONS.—Consider the action 
of a tuning fork (fig. 253). Each outward movement of the prong 

produces a condensation of the air, each retreat inward a rare- 

- faction. These condensations and rarefactions continue to travel 

_ outward from the fork through the air. A condensation and a 
rarefaction together form one complete wave. Therefore the num- 
ber of waves started by the fork in one second is the same as the 
number of complete vibrations made by the prongs in one second, 

_ however fast or slowly the fork may vibrate. 

- But the wave produced by a slowly-vibrating body reaches 
a distant point just as quickly as that produced by a quickly- 
vibrating body, since the velocity of sound is the same for a high 
note as for a low note. Hence it follows that the velocity of sound 
divided by the number of vibrations per second made by the vibrating body 

gives the wave length of the note produced. 


Example.—Suppose, on a day when the velocity of sound is 1125 ft. per second, 
two trumpets making respectively 250 and 450 vibrations per second, and which 
are placed side by side, are simultaneously sounded for one second. Two series 
of waves proceed outwards in all directions, and reach a listener who is, suppose 
1125 ft. distant, exactly at the same time—one second from the start. The 

_ trumpet producing the lower note has sent out 250 waves, and just as it sends 
out the last the first has reached the listener. The air between him and the 
trumpet is carved out into 250 exactly similar parts; the length of each part 
must therefore be 44 ft. Each of these parts is a wave length. The trumpet 
producing the higher note has sent out 450 waves, and has moulded the air 
between the two points into 450 waves, the length of each of which is therefore 
24 ft. 


Hence if » = velocity of sound, 
nm = number of vibrations corresponding to any note, 
and 1 = length of the wave corresponding to that note; 
® = ni. 


| 241. MEASUREMENT OF THE VELOCITY OF SOUND 
IN AIR.—The reflection of sound waves takes place in a very 
simple manner in tubes and organ pipes. In such a tube the pulses 
are reflected at each end of the pipe, whether the pipe be open or 
closed. When a pulse is reflected from the external air a condensa- 
tion is reflected as a rarefaction, and a rarefaction as a condensation 
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When, however, a pulse is reflected from an unyielding surfac 
such as the substance of the pipe itself, a condensation is reflectes 
as a condensation, and a rarefaction is reflected as a rarefaction 
The reason of this difference is that when, e.g., a condensed portior 
of air is in contact with the closed end of the tube it canno 
expand, owing to the rigidity of the tube; whereas, when suc] 
a portion of air is merely in contact with the external air, expan 
sion takes place and a rarefaction is produced. So far as th 
fundamental wave is concerned, the undulations are thus of th 
following character :— 

In a pipe stopped at one end a condensation, ae 
starting from the mouth, passes along the pipe to | 
the closed end, is there reflected and travels back 
along the tube (fig. 261) to the mouth, where 
it is reflected as a rarefaction. This travels along 
the pipe and back to the mouth, where it is re- 
flected as a condensation. Thus, after two double 
journeys of the pulse the state of affairs is the same 
as at the beginning. Such a complete round of 
change marks the performance of a complete 
vibration, during which the pulse has travelled 

a wave length. Hence the wave 
length of the note given out by 
a stopped pipe is four times the 
length of the pipe. 

On this principle is based a 
method of finding the velocity of 
sound. 


Ex. 385.—In a vessel containing 
water place a glass tube abort 40 cm. Fig. 262.— Velocity « 
long and 3 or 4 cm. in diameter, a8 sound determined by 

Fig. 261 shown in fig. 262. Clamp: the tube Resonance Tube 
loosely, so that it can be raised or 
lowered so as to alter the length of the column of air it contains. This colum 
of air is an organ pipe closed at the bottom. The water reflects the sound wave 
just as a solid body would do. | 

Sound a tuning fork whose vibration frequency (n) is known, and hold it ove 
the open end of the tube. Raise and lower the tube and note the effect. 

At a certain lencth the air column loudly resounds to the note of the forl 
giving out the same note as the fork. This phenomenon is called resonance, — 
takes place when the state of affairs is that described above. When the ren 
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are very different from those, no resonance takes place. If you find tw 
that give resonance take the shorter of the two. “a 
Having found approximately the proper position of the tube, proceed § 
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tematically to raise the tube and to lower it through short distances, noting the 
increase or decrease of loudness of the sound. When the position of greatest 
resonance has been found measure the length of the air column (/); then 4 is the 
_ wave length of the note. The frequency is n, and therefore 4n/ is the velocity 
_ with which the sound wave travels. 


_ . Example.—A fork whose frequency was marked as 256 gave the greatest 
resonance when the distance from the surface of the water in the tube to the top 
_ of the tube was 32°5 cm.; then the wave length of the note was 130 cm., and the 
' velocity of sound was 150 x 256 = 33280 cm. per second. 


It was stated in Art. 239 that the velocity of sound in air had 
3 been found to be affected by the temperature. Verify this state- 
- ment. 

Ex. 886.—Repeat the last exercise with the tube in water, as hot as can be 
a maintained, taking eare that the tube has had time to get hot also. Find the 


= _ velocity of sound in exactly the same manner as in Exercise 385, It will be found 
_ to be considerably greater than when the air was cold. 


: 242. VELOCITY IN WATER.—The velocity of sound in 
- water was determined by Colladon in 1826. Two boats were 
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Fig. 263.—Determination of the Velocity of Sound in Water 


moored 9 miles apart on the Lake of Geneva. Suspended from 
one boat at some depth in the water was a bell (fig. 263); and the 
_ observer in this boat, by moving a lever, simultaneously struck the 
bell and lit some gunpowder on the boat’s deck. The observer in 
the other boat was provided with a chronometer and a hearing tube. 
The lower end of the tube was covered with a metal membrane, and 
& turned towards the distant bell, while the upper end was placed 
against the observer's ear. The time taken by the sound in travel- 
_ ling was taken as the interval between the observer seeing the flash 
of the gunpowder and hearing the sound of the bell. The result 
< arrived at was that the velocity of sound in water was 4708 ft., or 
te m., per second. 
Ex. 387.—(1) A person whose watch is in exact agreement with a large 
_ (0405) 19 
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public clock, notes that his watch is 10 sec. past one when he hears the cloc 
strike one. His distance from the clock is 3400 m. Calculate the velocity « 
sound, 

(2) A clap of thunder is heard 6 sec. after the lightning flash is seen. Ho 
far is the observer from the seat of the discharge? 

(3) Explain the ringing noise heard when a person walks between two walls. 

(4) If a person’s vocal chords, when singing a certain note, vibrate 1000 time 
a second, what is the wave length of the sound ? 

(5) A tuning fork makes 384 vibrations per sec. What is the length of close 
tube that would resound most loudly to the fork ? 


PART VI.—LIGHT 


CHAPTER “XXIX 
Propagation of Light 


- 243. TERMS.—Light is that agency or process outside ourselves 
by which we see. Light can pass from one place to another through 
“empty space”, air, and certain material objects. It is by means 
of light that comes from an object and enters the eye that we see 
the object. The light has a special effect on the nerves of the retina 
at the back of the living eye, by which it produces the sensation of 
sight. 

A burning lamp gives out light, which issues from it and spreads 
in all directions through a room. Such a body is said to be a 
source of light, and is called luminous or self-luminous. It is 
itself visible, and furnishes the means by which other objects become 
visible. 

Non-luminous bodies are those which only become visible when 
light falls on them from a luminous body. 

If we turn a lamp down everything in the room looks less bright. 
The quantity of light given out by the lamp has been diminished. 
This quantity when rendered definite is the intensity or illuminating 
power of the light. 

Every point of every bright object sends out light in every 
direction. Sometimes we desire to think only of the light that is 
proceeding from one very small point to another very small point 
as you might stretch a piece of cotton between the points. Thi 
line is called a ray of light. If the path of the light between the 
points is larger in section the term pencil or beam of light is used. 

The light that falls upon a body is said to be incident upon it, 
and we call it the incident light, and speak of incident rays. 

Fig. 278 shows the path of a conical pencil or beam of light. 
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If a multitude of people stand round a candle and look at the point 
of it each eye receives a conical beam. Each person sees the object 
by means of rays that have travelled along a different path. Sc 
that when we speak of the path of the rays by which in any case an 
object is seen, the path depends not only on the position of the 
object but also on the position of the eye. 


244. BRIGHTNESS OF NON-LUMINOUS OBJECTS. —Ir 
a room where there is a lamp burning brightly, and no other soureé 
of light, fix your attention on a sheet of white paper on the wall 
The paper looks bright. Turn down the lamp a little. What i 
the effect on your eye? Turn the lamp lower. Again what effect 
You have altered the intensity of illumination of the sheet o 
paper. By turning the lamp down you diminished the quantity o 
light that it gave out. Therefore you also lessened the quantity 
that fell upon the paper, and consequently the amount that reachec 
your eye. 

The other objects in the room vary in brightness. A silver coil 
on the table looks brighter than a copper coin, because more ligh 
reaches the eye from the one than from the other. So with othe 
objects; if much light passes from them to the eye, they lool 
bright; if little thus passes, they appear dark. 


245. TRANSPARENCY AND OPACITY.—A candle flam 
can be seen through a sheet of glass, but not through a sheet ¢ 
iron; this means that light can pass through glass, but not throug’ 
iron. Substances like glass, which allow light to pass through s 
that the objects from which the light comes can be seen throug 
them, are called transparent; substances like iron, which do ne 
allow light to pass through them, are termed opaque. 

The term translucent is applied to substances, such as groun 
glass or greased paper, which allow light from bright objects t 
pass through, but through which ordinary objects themselves cat 
not be seen. 

Ex. 388.—Hold various transparent objects, such as sheets of glass of variot 
thicknesses and colours, glass vessels empty and full of water, between your e! 

And the light, and write down a list of the objects in the order of their tran 
parencies, * 

Place the same objects between a light, and a white wall or paper screen. 1 
comparing the relative darkness of the shadows on the screen, write the list 
the order of their opacities, 

Compare the two lists. 


Since even a single sheet of glass casts a shadow on the scree 
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it is plain that glass is not perfectly transparent. Thus we speak 
of degrees of transparency according to the proportion of the 
incident light that a substance allows to pass through. 
No ordinary solid or liquid is perfectly transparent. A thick 
layer of glass or of water is less transparent than a thin layer. 
At the bottom of the ocean perfect darkness prevails. Probably 
also no substance is perfectly opaque; very thin layers of gold, 
silver, and other metals allow light to pass through them. 

Pure air has a high degree of transparency. 

Empty space, such as that between the sun and the earth, ap- 
pears to be perfectly transparent. Light seems to pass through it 
without undergoing any diminution of intensity. 


246. REFLECTION, TRANSMISSION, AND ABSORPTION. 
—The light which reaches our eyes from non-luminous bodies, and 
by means of which such bodies become visible, has been turned 
back or reflected by these bodies. Such light must originally have 
come from some luminous body, and falling upon the surface of 
the non-luminous body, have been turned back, just as a wave 
of water is turned back when it advances towards and strikes 
against a stone wall. 

A thin muslin curtain at a window turns back much of the light 
that falls on it, and thus persons who are on the same side of it 
as the light see the curtain very plainly, but see comparatively 
little of the objects on the other side. The foam of the sea looks 
much whiter and brighter than the water, powdered salt than rock 
salt, powdered ice than block ice—all because of the large amount 
of light sent to the eye from the small particles into which the sub- 
stances are broken. When viewed from the side opposite to that on 
which the source of light is situated, these substances look dark. 

Transparent substances reflect some of the light that falls on 
them; otherwise we could not see them. But most of the light 
passes into them, and as we have seen that they cast shadows, some 
of the light that enters them does not get through. This light is 
said to be quenched or absorbed. That which does pass through 
is said to be transmitted, and the process is called transmission. 


Ex. 389.—Hold up a piece of white paper (a) so that the eye is between the 
paper and the light; (5) so that the paper is between the eye and the light. 
In which position does it appear brighter? and why? 
Make a grease spot on the paper, and repeat the observations. 
Wet a portion of a white towel or piece of white calico with water, and repeat 
the observations. 


2 


When position (a) was used the object was seen by reflected 
light; in position () by transmitted light. The experiments show 
that the more light there is reflected the less is transmitted: the 
more there is transmitted the less is reflected. 


Ex. 390.—Hold two sheets of white paper one in front of the other betwee 
the eye and a light— 

(a) With the sheets in contact. 

(6) With a space of several centimetres between them. 

What difference is observed in the brightness? Remembering what has jus 
been said, how do you explain the difference ? 
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Dark-looking opaque bodies do not transmit light; they do a 
reflect much or they would appear brighter: they must therefore 
absorb most of the light that falls on them. 


247. SOURCES OF LIGHT.—For us the sun is the main 
source of light. The light of lamps is given out by very hot solid 
particles in the flame. Light is also obtained by electrical action, 
as in the arc and incandescent lamps. Various chemical actions 
make the substances so hot that they give out light. 


Ex. 391.—(1) Heat a piece of iron in a Bunsen flame for a short time. Tt 
gets hot, but remains dark. Continue the heating, it gets first “red hot” and 
then “white hot”. Up to a certain point the hotter it is the more light it gives 
out. 

(2) Hold other substances—such as the end of a carbon rod, copper wire. 
platinum wire, a piece of egg shell, an incandescent gas mantle, a little commor 
salt—in a Bunsen flame. Note in each case the colour of the flame, and estimate 
the intensity of the lights comparatively. 


Fig. 264.—The Optical Bench 


248. THE OPTICAL BENCH.—For many experiments or 
light some form of optical bench is necessary. A simple form it 
shown in fig. 264. It consists of a flat smooth board, a 
2 m. long, with a millimetre scale along one edge. 

The screens, lamps, mirrors, lenses, &c., that are used in the é 
— are carried on stands that can be moved along beside the 
scale 
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The base of each stand may be a block of wood, on which a 
mark is made exactly underneath the centre of the lens, candle, &c., 
that it supports. 

The whole arrangement is designed to enable the different pieces 
of apparatus used in any experiment to be placed in one straight 
line and their distance apart to be measured. 

As an elementary substitute a tape measure may be pinned 


toa table. 


Sources of Light.—The sources of light required are a large 
globular light, a small bright light, and a line of light. 

A large source may be obtained by using a table lamp with 
a large translucent globe. 

A line of light may be obtained by turning a flat gas flame 
edgewise, or by using an incandescent lamp with part of the fila- 
ment screened off, or by placing a screen with a linear slit cut out 
of it in front of a bright light. 

A small point of light is best obtained from an are light. 
A portion of an incandescent gas mantle seen through a small 
aperture is a fair substitute. 

A broad light may be obtained from a gas flame turned 


_ broadways. 


ll 


These different sources may all be obtained from one of the 
petrol lamps or paraffin lamps that are made to burn with an in- 
candescent mantle. With a translucent globe a large evenly 
illuminated source is obtained. If two chimneys are obtained, one 
may be painted black, except just round the part opposite the 
brightest portion of the mantle. On this part at equal intervals 
round the circumference four areas may be left unpainted—a small 
circle, a larger circle, a very narrow slit, a wider slit. When this 
blackened chimney is in use any one of these four sources may 
be used by rotating the lamp. 

Screens are wanted on which to receive shadows and images. 
These may be made of wood, on the front face of which plain 
paper, blotting paper, or squared paper may be affixed by drawing 
pins. One screen should have a good-sized hole through it. The 
size of this aperture may be varied to suit different experiments 
by placing over it a piece of paper in which there is a hole of 
suitable size. 

Several of the other objects required are shown in fig. 264. 

The stands on which the objects are placed must be such that 
the centres of the objects that they support are at the same height 
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above the bench. This requirement may be fulfilled in variow 
ways. 

Tb many experiments a darkened room is required. Sufficient 
darkness may generally be obtained by the use of a closely-fitting 
black blind over the windows; or often by merely screening the 
surface on which an image is received from the general light o 
the room. 


249. LIGHT TRAVELS IN STRAIGHT LINES.—Numerou: 
experiences show that under ordinary conditions light does no’ 
bend round objects on which it falls. 

The paths of rays of sunlight streaming by a dark cloud maj 
often be traced by the reflection of light from motes present i1 
the sunbeam. The straightness of the edges of the bright are: 
may be plainly seen. 


Ex. 392.—Place two screens, each pierced with a small circular hole, as it 
fig. 265, parallel to each other, between the eye and a candle: the candle can onl: 


Fig. 265.—Light Travels in Straight Lines 


be seen when the eye, the two holes, and the candle are all in the same straigh 
line, 

Replace the eye by a third screen placed parallel to the others. A patch ¢ 
light is seen on the screen. Incline the third screen at an angle of about 60° t 
the incident light. Note the shape of the patch of light. Why is it not circula 
in this case? | 


250. FORMATION OF IMAGES THROUGH SMALI 
APERTURES.—In walking among trees when the sun is shining 
one may often see small patches of light on the ground where thi 


= 
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light of the sun has got through. The appearance is shown in fig. 
266. It will be noticed that if the sun be high in the sky many of 
these patches are circular; if the sun be lower they are generally 
of an elliptical shape. Compare with the last experiment. 
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Fig. 266.—Formation of Images through Small Apertures 


Ex. 393.—Cut two or three small holes of different sizes and shapes in a 
piece of opaque paper, and hold the paper so that the light of the sun falls 
perpendicularly upon it. Two or three feet behind these small apertures place 
a white screen parallel to the pierced piece of paper. Note the shapes of the 
patches of light on the screen. 

Vary the distance between the apertures and the screen, and note the corre- 
sponding changes in the shapes and sizes of the patches of light. What is the 
effect of the shape of the aperture (7) when the screen is close to the hole? (+) when 
they are far apart? 
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Ex. 394.—Draw a small circle, about 6 to 10 mm, in diameter, on a piece of | 
cardboard, and prick a hole about 1 mm. in diameter in the middle of the circle. 
Set up this perforated screen on an optical bench in a dark room. : 
On one side of it place a lighted candle, and on the other side a receiving 
screen, which may conveniently be covered with squared paper (fig. 267). The 
aperture and the candle flame should be at the same height above the table, the | 
two screens parallel to each other, and the base of each piece of apparatus against 


Fig. 267.— Formation of an Image through a Small Aperture 


the measuring scale. The bright patch on the receiving screen is seen to be an 
image of the candle. An image is an appearance resembling a real object. 
Note that the image is inverted. Adjust the apparatus till the image is quite 
clear; it may be necessary to enlarge the aperture slightly. 
-Move the receiving screen farther away from the light, and for each position 
measure— 
(a) The distance between the screens. 
(b) The length and breadth of the image between any two convenient points. 
If the screen is not in squares, measure with dividers, 
Note the changes in brightness of the image as the distance changes. Obtain 
several images, and record the measurements thus :— 


Size of Image. ) 


Distance of nna | Relation 
Experiment. _ Aperture from Area setween | between 
Image, d. Length, 7. Breadth, | 7 oe b | Ye pe =n 
| = % tiga th SR ish ey ©. a> &. 
Sa Bi a ; = p 
1 oe 
: | 


Ex. 395,—Using the same apparatus as in Exercise 394, prick another small 
hole in the circle. Move the receiving screen to different distances, and note the ; 
appearances on the receiving screen. 4 

Prick another hole in the circle and note the effect. 

Add holes similarly one by one until there is a considerable number, 
observe the effect on the screen. 

Finally, cut out the small circle, and again observe, 
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251. THE PINHOLE CAMERA.— Fig. 268 is a darkened 
box having one end closed by a sheet of translucent glass, which 
acts as the receiving screen, and a small aperture in the other end. 
The distance between the screen and aperture is capable of adjust- 
ment to allow of images of objects of different sizes and at different 
distances to be included 
on the screen. The pic- 
ture of a whole landscape 
may be thus obtained. If 
when the image is clear a 
photographic plate is put 
in place of the screen, a 
photograph is obtained. In 
using thiscamera the screen 
must be shielded from all ars aK 
light except that which Fig. 268 —The Pinhole Camera 
passes through the pinhole. 

These experiments show that when light passes from a bright 
object through a small aperture, and falls on a screen some distance 
away from the aperture, an inverted image of the bright object is 
formed on the screen. Provided that the aperture be small, it is 
of no consequence what shape it is. 

With large apertures no image is obtained, and the reason was 
found to be that when a large aperture is used each small part of 
it acts as a small aperture and makes an 
image. These images then overlap and give 
a general blurred effect, yielding not an 
image but a general illumination of the 
surface on which they are formed. 


252. SIZE AND BRIGHTNESS OF 
THE IMAGE.—Experiment 394 showed 
that the image is smaller and more dis- 
tinct when the aperture and screen are 
close together, and that increase of size of 
the image is accompanied by loss of bright- 1 /"Opicet and Sine at 
ness. Image 

The cause of the inversion and of the 
change in size as the screen is moved may be seen from the ex- 
planatory diagram (fig. 269), where AB represents the candle, B’A’ its 
inverted image. Light from A proceeds outwards in all directions. 
The rays that pass to O coutinue onward through the aperture in 
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a straight line to A’, which is therefore the image of A. So some 
of the light from B ‘proceeds through 0 to B’, and from any point 
between A and B light proceeds to a point between A’ and B’. The 
screen reflects the light that falls upon it to the eye, which there- 
fore sees the object as though it were at a’B’. It is manifest from 
the figure that the farther the screen is from o the farther apart 
will be the- points A’B’, that is, the longer will be the image, and its 
breadth will be of course similarly increased. 

The measurements of similar triangles in Chapter II showed 
that the height of the image 4’B’ is proportional to its distance from 
the point 0. The values of the ratio 7 + d in Exercise 394 should 
therefore all be the same. 

As the breadth is increased at the same time as the length and 
in the same ratio, it follows that the area of the image is propor- 
tional to the square of its distance from the aperture 0. 

The values of the ratio a + d? obtained in Exercise 394 should 
therefore be constant. 

As to the brightness of the image: supposing the distance 
between the candle and the aperture to remain the same, the quan- 
tity of light that passes through the hole remains the same. 

When the receiving screen is farther away this quantity of light 
has to spread itself over a larger area, and this area is accordingly 
less brightly illuminated. Since the illuminated area increases as 
the square of the distance from the aperture, the brightness of the 
image or intensity of illumination is inversely proportional to the 
square of the distance from the aperture. 

Ex. 396.—(1) A candle is placed inside a box in a dark room. Three very 
small round holes are cut in one end of the box, and a sheet of paper is hald & 
small distance away from this end. Describe and explain the appearance seen on 
the paper. | 

(2) In Exercise 393 why were the patches of light on the distant screen 
circular ? 

(3) A candle flame 5 cm. high is placed at a distance of 20 cm. from a pinhole. 
At what distances must the screen be successively placed to give images — 
heights are 5 cm., 8 cm., 10 cm.? 

Find three ium bers j in the ratio of their respective brightness. 


(4) By means of a pinhole camera an image is obtained of a tree, How col 
you calculate the height of the tree? : 


253. SHADOWS.—Everyone knows that shadows are p 
by opaque objects stopping the light that falls upon them. 


Ex. 397.—Place a lamp a few feet distant frém a wall, and hold a piece 
cardboard, a book, or similar object between the light and the wall, so that # 
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light falls perpendicularly upon it. Vary the position of the opaque object, and 
observe the size of the shadow and the character of its edges. When you can put 
& point exactly at the edge and say definitely, “ Here the shadow begins”, it is 


a said to be sharply defined. Note how the sharpness of the definition varies with 


Piss, ee 


change of distance. 
Repeat the observations with a thin rod, such as a pencil; a pointed object, 
such as the leg of a pair of compasses; the blade of a knife; a needle; a very thin 


' wire or thread or hair. Look closely at the shadow, and describe for each the 


nature of the shadow at various distances from the screen, i.e. its intensity, the 
sharpness of the definition, and any other feature that you observe. 

Ex. 398.—(1) Hold a rod between the lamp and 

a plate of clear glass, 

a plate of translucent glass, 

the surface of a bow! of clean water ; 
observing the receiving surface with the eye near the rod. 

Little or no shadow is seen on these transparent screens. 

Remembering what was said in Art. 246, what is the cause of this? 

(2) Make the water used above muddy. Can a shadow of the rod be seen 
upon it now that it is no longer transparent? 

(3) Stand in front of a window with the sun behind you, and look for your 
shadow on the window. 


These preliminary observations show that a shadow can only be 
seen upon an opaque screen, and that the sharpness of its definition 


Fig. 270.—Shadow produced by a Point of Light 


depends on its distance from the source of light and on its size 
relatively to the size of that source. 

Fig. 270 shows the shadow thrown when light proceeding from 
a point is stopped by a sphere. The shadow region between the 
sphere and the screen is part of a cone, of which the upper part is 
filled with light. The part of the cone from which the light is thus 
shut off does not look dark any more than the other part looks 
light, for a cone of darkness looked at from the outside can no more 
be seen than can a cone of light. 

Place opaque objects in that space. They look darker. If no 
light reached them indirectly they could not be seen at all. Hence, 
just as we can only tell that rays of light are passing through a 
certain space by the illumination of an opaque body placed there, 
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so we can only tell that such rays are not passing there by the 
more or less complete invisibility of an opaque body in the space. 


Ex. 399.—(1) Arrange in a straight line on an optical bench in the following 
order—a small bright source of light (p. 267), a small opaque circular disk to 
cast a shadow, and a screen on which to receive the shadow. 

Note the sharp definition of the outline of the shadow. 

Place the eye in the shadow; no light reaches it from the source. Measure 
the distance (d) of the shadow from the source, and also the diameter of the 
shadow. 

Place the receiving screen at several different distances from the disk, and 
repeat the observations and measurements. Do not move either the light or the 
disk. Record thus :— 


Distance of Shadow from z _— of 
| Point of Light (d). Area of Shadow (a). | 4. ge. 


The area of the shadow is proportional to the square of its distance from the 
point of light. 

(2) Remove the disk, and obtain the shadows of thin objects, such as a needle, 
a piece of cotton, a hair. Note the definition at different distances, and compare 
with the results obtained in Exercise 397. Why is the definition now sharper? 


The character of the shadow obtained when the opaque body 
is smaller than the source of light is shown in fig. 271. 


Fig. 271.—Shadow produced by Light coming from a large Source ‘ 


Ex. 400.—Repeat Exercise 399, using a globe lamp in place of the small 
light. 

Place the receiving screen near the opaque body. 

Note that the shadow is not so intense near the edges as in the centre. 

Remove the screen gradually farther and farther away from the opaque body, 
observing the character of the shadow at each stage. 

Draw the transverse sections of the shadow thus obtained on the screen, 
compare them with the longitudinal section showgin fig. 271. Endeavour 
find the point 0 shown in that figure. 
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Place the eye in various positions behind the opaque disk. In some positions 
you see part of the globe, and in others none of it. How does this account for 
the character of the shadow on the screen? 

Umbra and Penumbra.—Referring to fig. 271 the lines beo and 
aro are drawn touching the two circles and meeting at 0. ‘The part 
oer is a section of a cone from which the light of s is completely 
shut out, and within which no part of s can be seen. This is the 
region of total shadow, the wmbra. 

Outside the region n’ern the whole of s can be seen and none 
of its light is cut off. Within the region n’ern but outside the 
cone oer, part of s can be seen, and a body placed there is only 
partially obscured. This region is the penumbra. 

On a screen placed between ¢ and o the shadow is of this 
character:—In the centre is a circle quite dark; round this circle 
are rings which grow less dark as they grow larger, the outside 
ring, which just touches the lines en’ and rn, being almost as 
bright as the part completely outside the shadow. These rings 
fade very gradually into one another, so that the outside boundary 
of the shadow cannot be exactly fixed. 

The size and shape of the umbra and penumbra depend on 
the relation between the sizes of s and ¢. If s and ¢ be of the same 
size the umbra is cylindrical in shape, as is indicated by the lines 
dh’, ch. Ass is made smaller the region of the penumbra gradually 
grows less, and when s is a point this region ceases to exist; the 
umbra being then of the form shown in fig. 270. The closer a 
body in the penumbra is to the boundaries n’e or nr (fig. 271), 
the more light falls upon it; the nearer it approaches to the region 
cor the less light falls upon it. 


254. ECLIPSES. (a) Of the Moon.—As the moon revolves 
round the earth it sometimes passes through the umbra of the 
earth’s shadow. Since the moon only shines by the light which it 
reflects from the sun, it is, while in the umbra of the earth’s 
shadow, quite dark, and we have an eclipse of the moon. Some- 
times the path of the moon is such that part of it is in the umbra 
and part in the penumbra; it is then partially eclipsed. 

To obtain the effects with the arrangement of Exercise 400 
(fig. 271), in which the large sphere represents the sun and the 
opaque body the earth, pass a small disk to represent the moon 
across the shadow so as to pass through the umbra. 

_ (0) Of the Sun.—These are produced by the moon passing he- 
tween the earth and the sun, so that the earth passes through the 
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shadow of. the moon. To obtain the effects, using the arrange- 
ment of fig. 271, in which in this case the opaque body represents 
the moon, pass a disk representing the earth through the shadow 
at such a distance that the apex o of the umbra just falls upon 
it, forming a small circular patch. Within this area the light is 
completely hidden, and the eclipse is total. Outside this area only 
a portion of the light globe is hidden, and the eclipse is partial. 

Ex. 401.—Miscellaneous Exercises. (1) Clouds floating in the atmosphere 
are sometimes very bright and sometimes very dark. How is this difference 
to be accounted for? 

(2) You have to place a number of vertical sticks in a straight line. How 
would you test by the eye whether they were or were not in the required positions ' 

(3) You cannot see the shadow of a hair held at a foot distance from a wall 
against which the sun is shining; whereas you see the shadow when the hair is 
held close to the wall. What is the reason? ; . 

(4) The progress of an eclipse of the sun is watched on a pinhole camera. 
Give drawings of what is observed on the screen at several different stages, anc 


explain them. 

(5) Explain with a diagram the mode of production of the round patches oO 
light often seen on the ground under trees. 

(6) In the partition separating two rooms A and B there is a small window 
From a candle in A, light passes through the window on to the opposite wall of B 
Show how by measurements made in room B you could calculate exactly wher 
the candle was. (Refer to Exercise 399.) 

(7) Compare the heights of two trees by measuring the lengths of their shadows 
Find also the length of the shadow cast by a metre scale, placed vertically, ant 
hence deduce the actual height of the trees in metres. . 

Why must the shadows all be measured at the same time as nearly as possible 


CHAPTER XXX 
Photometry 


255. Photometry is the measurement of the illuminating powe 
or Iuminosity of different sources of light; and of the degree ¢ 
illumination (the brightness) of surfaces. The measurements ar 
made by photometers. 

The unit of luminosity is that of a candle of certain specifie 
make called a standard candle. Other lights are compared with thi 
standard, and are said to be of so many candle-power. 

The comparison is made by causing the lights to illuminat 
a surface to an equal degree, and then comparing their distance 
from that surface. } 
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We have first to find out in what way the distance enters into 
the measurement. : 


256. LAW OF INVERSE SQUARES. 


Ex. 402.—(1) Arrange a dull white sereen, a rod just in front of it, a single 
candle, and (in place of the gas jet) a pair of candles, along an optical bench, 
as in fig. 272. The candles must be exactly alike. 


Place the pair of candles close together, and farther away from the screen 
than the single candle, and a little out of line, so that two shadows of the rod 
appear close together on the screen. Arrange for them just to 
meet, with no black or white line between them. 

Compare the two shadows. Move the pair of candles 
towards or away from the screen until the two shadows appear 
equally dark.! 

Satisfy yourself that the shadow cast by each of the lights 
is illuminated by the other light. 

Measure the distances d and i] of the lights from the shadows, 

Replace the pair of candles by a set of three close together, 
side by side as shown in fig. 273. Make the same adjustments 
and measurements as before, keeping the single candle always 
in the same position. 


1 It has been shown that light is reflected from nearly all substances. 
If light is thus reflected on to the screen of Rumford’s photometer, on 
to the grease spot, or on to the paraffin slabs from the walls of the room, 
the bench, one’s dress, &c., or reaches the photometer from a window, 
or in any other way except straight from the lights themselves, the 
result may be an inaccurate measurement. A dark room, in which Fig. 273 
everything is a dull black, removes this cause of error. If that is not pee: 
available, screen the photometers from stray light as far as possible 
by black cloth or black paper. The paraftin-wax photometer is most easily screened 
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If convenient, repeat the measurements with a set of four candles. Record 
thus :— ‘ 4 
J 
Number of candles ee a 1 2 3 4 | 
Distance from shadow _... ae d d d d 
5 EES ean RE : 
Square of distance from shadow ... d? d? al” d 
Ratios ... oe oe .. | 1+ d? | 2=¢° 73 = d? | d= a 


Pvt to Seer cee SS A eee 


Compare the ratios in the fourth line. 
If the experiment is carefully done the ratios will be approximately equal. 
(2) Repeat the measurements with a different value of d. 


The mean of experiments shows that the ratio between the 
number of candles and the squares of their respective distances 
from the screen is constant. 

Hence if we have two sources of light whose candle-powers are 
7 and a, and these two sources placed at distances y and 6 from 
a screen, illuminate the screen to the same degree, then 


t 


a 6 
This rule is called the Law of Inverse Squares. 


The law ‘s inverse squares follows from geometrical con- 
siderations. 

Suppose a small flame to be placed 

at the apex of a hollow pyramid having 

a square base (fig. 274). From the 

Fig. 274.—Geometrical Illustration apex Trays of light stream out in all 

of the Law of Inverse Squares directions. If a square piece of card 

; be placed halfway up the pyramid, st 

as to just fit in it, no light can fall on the base—it is all stoppec 

by the card. The area of the base of the pyramid is just four times 

that of the card, which, however, intercepts all the light that wouk 

otherwise reach the base. The card is therefore four times a 

brightly illuminated as was the base, which is twice as far off 

One candle placed at the apex would illuminate this little squar 

just as brightly as four candles placed there would illuminate th 

base. (Compare Exercise mbes: 
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257- PHOTOMETERS.—AIl photometers compare the inten- 
sities of different sources of light by finding the distances at which 
the lights equally illuminate a screen placed to receive their rays, and 

then calculating the ratio of their intensities from the law that 
their illuminating powers are proportional to the squares of their 

distances from the screen. » The simplest photometers are Rumford’s 
and Bunsen’s. 

The apparatus shown in fig. 272 is Rumford’s, or the shadow 

photometer. 

Ex. 403.—By means of the shadow photometer find the candle-power of a 
lamp or gas jet. The method and calculations are as described above. Make 


several determinations using different distances. Each pair of distances gives a 
value for the candle-power. For final value take their mean. 
*Example.—Suppose in fig. 272 the candle is 60 cm, from the screen, and the 


“152 
gas jet 150 cm. from it, then the illuminating power of the jet is Ls gee 6} 


candle-nower. Cag 


__ Bunsen’s, or the grease-spot photometer, consists of a spot of 
‘grease on a sheet of white paper. It may be made by dropping 
a spot on the paper from a stearine candle, and removing it when 
hard. The paper may then be pasted over a hole in a piece of stiff 
eardboard. 

Instead of a grease spot, a tightly stretched piece of tissue paper 
may be sandwiched between two perforated pieces of cardboard. 
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Fig. 275.—The Grease-spot Photometer 


The translucent patch thus prepared is placed on the optical 
bench, and the two lights to be compared are placed one on each 
side of it (fig. 275). The lights are adjusted until a position is 
obtained in which the translucent patch looks neither darker nor 
brighter than the rest of the screen. 

Ex. 404,—Verify the law of inverse squares by means of the grease-spot 
photometer, placing one candle on one side, and one, two, three, &c., successively 


on the other side of the spot, 
Take readings by viewing the grease spot from each side: they will probably 
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be a little different: take their mean as the true distance. Always hold the hes 
in the same position when viewing the spot. ' 
The distances measured are from the screen to the lights. 
Ex. 405.—By means of the grease-spot photometer find the candle-pow 
of the light used in Exercise 403. Make several determinations, using differer 
distances, and take their mean. Compare with the previous result. 


: 
: 
i 
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The Paraffin- wax Photometer.—A better arrangement the 
the grease spot on paper is shown in fig. 276. Two rectangul: 
i! 
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Fig. 276.—The Paraftin-block Photometer 


slabs of clear paraffin are placed on a black wooden stand with 
layer of tinfoil between them, as shown in fig. 276,a. A wind 
in the front of the stand allows the central part of the blocks 
be seen (fig. 276, b). The photometer is placed on the optical ben 
with the plane of the foil perpendicular to the line joining t 
lights. Each paraffin slab is thus illuminated by one light on 
no stray light must fall on the slabs. The lights are placed 
that the two slabs when viewed from the front through ' 
window look equally bright. (Screen the eyes from the light 
The distances of the lights from the tinfoil are measured, and 
calculation is the same as for the grease-spot photometer. 

Ex. 406.—Miscellaneous Exercises. (1) With any one of the photome 
get up in correct final position, show the effect of stray light by holding a mi 
or a sheet of white glazed paper in various positions so as to reflect light on te 


photometer. | 
(2) Remembering that in Rumford’s photometer each shadow is illumint 
by one of the lights, describe clearly how it is that the comparison is made 
between shadows but between the illuminations produced by the lights. 
(3) Give a simple proof of the law that light emanating from a point dit 
ishes in intensity as the square of the distance from the luminous point incres! 
(4) Of two gas flames one gives out twenty-five times as much light as 


! 
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other. If you are testing their illuminating powers by Rumford’s photometer, 
__ and you place the smaller flame at a distance of 60 cm, from the screen, ab what 
_ distance from the screen must the larger flame be placed in order that the shadows 
_ of an opaque object cast by the two flames may be equally illuminated ? 
(5) If you hold a sheet of blotting paper, in the middle of which a grease spot 
has been made, first behind and then in front of a flame, a difference in the 
appearance of the spot will be noticed. How do you explain this difference! 
How would you use such a piece of blotting paper to compare the illuminating 
powers of two flames? 
(6) A gas jet 16 ft. and a candle 4 ft. from a screen illuminate it equally. 
Compare their illuminating powers. 
d (7) You have a candle (A), an ordinary lamp (B), and a powerful light (C). 
Using a paraffin-wax photometer, you obtain equal illumination of the slabs at 
the following distances :— 


: For A and B: A 60cm. : B 300 cm, 
° For B and C: B 12m. :C4m, 


What is the candle-power of the light C? 


CHAPTER XXXI 


“kao 


Reflection from Plane Surfaces 


258. A general idea of the reflection of light has been given in 

_ Art. 246. In a room lit by a lamp or from a window some light 
gets under tables and behind articles of furniture. In the open air 
light similarly permeates everywhere. This general diffusion of 
_light is produced by reflection. 


Ex. 407,—Take a sheet of white 

_ paper into a dark corner of a room: let 
light fall upon it from the lamp or win- 
_ dow; turn the paper into different posi- 
tions, and note the differing degrees of 
illumination of the wall. Try the effect 
_ of other reflecting surfaces of different 
characters and colours. What is the 
__ effect produced by a dull black surface? 

a piece of polished metal? a mirror? 


Ex. 408.—I a room in which there 
is a bright light, such as an incandescent 
mantle, burning on a table, and no other 

_ source of light, place on the floor beside 
the table a beaker of water to which one drop of milk has been added, If the 
i room is a “dark room”, the liquid will only dimly be seen. If the room has 


Fig. 277.—Regular and Diffused Reflection 
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reflecting wails, screen off the stray light from the beaker of liquid with black 


cloth or paper. oe 
Hold a small mirror opposite the lamp and above the beaker, and tilt it so as 
to reflect the light on to the liquid (fig. 277), allowing none to strike the floor 


directly. , 
What effect is produced on the liquid itself and on the fioor near it ? 


asg. LIGHT IS INVISIBLE. —If, in a perfectly dark room, 
3, small hole be made in a shutter on which the sun is shining, the 


Fig. 278.—Path of a Conical Sunbeam 


path of the light can be traced, as in fig. 278. But on looking 
closely at it, multitudes of small specks are seen floating about 
From each of these particles of dust some light is reflected to th 
eye, and hence the whole region looks bright. If smoke be blows 
into the region it looks brighter still, because the smoke contain 
many small solid particles. Jf especial care be taken that none of thes 
particles be present, the bright appearance is no longer seen im the au 
and there is only the patch of light on the floor 

Sometimes the rays of the sun can apparently be seen shootin, 
down from behind a cloud. The appearance is due to the reflectio 
of the light to the eye from small particles of dust or water. 

The surfaces of most objects in reflecting light diffuse it @ 
scatter it in all directions: their surfaces are rough, having on thet 
multitudes of small projections, which behave in the same manne 
as the small particles of milk Smooth or polished surfaces do nt 
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scatter much of the light that falls on them. The reflected pencil 

takes one path in a definite direction. This is regular reflection. 
Exercise 408 illustrates the processes of (a) diffused reflection or 

diffusion from the small particles; (b) regular reflection from the 


mirror. 


260. Laws of Reflection. We have now to investigate the laws 
of regular reflection. Strips of mirror glass 12 or 15 em. long and 
4 or 5 cm. wide are sufficient for most of the experiments. 

Ex. 409.—(1) Hold a short needle perpendicular to a plane mirror in a well- 
lit room, and look along its length (a) with both eyes, (6) with each eye sepa- 
rately. With both eyes open and adjusted for distant vision there appear to be 
two actual parallel needles and two converging images. 

(2) Hold the needle rather close to and near one end of the mirror, and view it 
very obliquely with your back towards the light. Whether you use one eye or 
two you see at least three images, one bright and two “ghosts”. 

Lex the point of the needle come in contact with the glass. One of the ghosts 
touches the needle itself. See the thickness of the glass. 

(8) Repeat the last experiment with a candle in a dark room: several images 
are seen. 


These preliminary experiments show that the character of the 
images seen in a mirror depends not only on the position of the 
object but also on the position of the eye; that the principal image 
is formed by the silvered surface at the back of the glass; and that 
the front surface of the glass also acts as a reflector and gives an 
image. 

In making experiments with mirrors care must be taken to 
avoid mistakes arising from these facts. 

Normal.—A line perpendicular to a mirror at any point is 
called the normal at that point. All angles are measured from 


the normal. 


end of an arm which shows its 


- It may be made with a sheet of 


Ex. 440.— Arrange an ap- 
paratus on the model of fig. 279, 
which consists of a small plane 
mirror, a protractor, a normal to 
the mirror, a bright object at the 


angular position, and a sighting 
hole at the end of another arm. 


Fig. 279.—Apparatus to Demonstrate the Laws of 
Reflection 


paper on a drawing board, a 
mirror whose horizontal width 
is small, a semicircular protrac- 
tor with its straight side accurately flush with and at the middle of the side of 
the board, some tall needles, and three threads. 
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Referring to the plan in fig. 279a, m is the mirror, and MN the normal. Plac 
the bright object at B and the eye at a, so that the image is seen along the line 
AM in the mirror above the normal line MN. From the protractor read off the 

angles BMN and aMN. The 
M angle BMN is the angle oj 
incidence, AMN is the angl 
of reflection. ; 
Move B farther round th 
semicircle, and again 
the pair of angles. 
Take several meas 
ments with B in differ 
positions on the semicircle 
B A write down the angles of i 
cidence in one column an¢ 


N , x 

the angles of reflection 
Fig. 279a.—The Angle of Reflection of Light is another. 
equal to the Angle of Incidence 


4 


Examine the figures 
tained. Does there ap 


to be a relation between the angle of incidence and the angle of reflection? 
To lessen the effect of mistakes compare the sum of all the angles of incidenet 
with the sum of all the angles of reflection. a 
Ex. 441,—(1) Fasten a strip of plane mirror on the front surface of a blo 
of wood so that th 
mirror is in a vertica 
plane. i 
On a sheet of paper 
preferably fastened t 
a drawing board, rule % 
long straight line 
(fig. 280), and place ‘ 
mirror with its 
ing surface (the 
along that line. 
Stick a pin © nea 


the mirror and anothe 


at D some distant 
away, so that the lit 
pe is oblique to th 


mirror. Look along tt 
line pc with one ey 
and keeping the hea 
in the same positi¢ 
Fig. 280.—Demonstfation of the Laws of Reflection by the stick in two more vit 
Pin Method E and F in such pos 
tions that their imag 
E,F; in the mirror appear to be in the prolongation of the line no, ag 
Look along the line FE, and see that the images ©; are in the prolon ati 

of that line. 
When the lines have been got quite accurately, remove the mirror ai 


Fake i$ 
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pins from the paper. As you remove each pin in turn, mark its position accurately 
with a fine x, the centre of which passes through the centre of the hole. 

Draw the lines peg and FEc. If the work has been carefully done these lines 
meet on the line AB. 

At G draw a line GH perpendicular to AB, This is the normal to the mirror. 
Measure with a protractor the angles paH and rex, and record the values. For 


_ the given positions of the pins and the eye these two angles are the angles of 


incidence and reflection. 

(2) Repeat the whole operation with the pins in different positions so as to 
give different values of the angles of incidence and reflection. An inspection of 
the values shows that these angles are equal to each other. 


Ex. 442.—Place one end of a knitting needle in contact with a plane mirror, 
and turn the needle into various positions. However it be turned, there is always 
one position of the eye in which the needle exactly covers its image. Find this 
position. If the image were a real needle one flat surface would pass through the 
object, the image, and the angle, i.e. they would be in the same plane. 

Hold the needle away from the mirror at various inclinations on a level with 
the eye and horizontal. Do the object and image appear to be in the same plane? 


Ex. 443.—By tying on a rectangular mirror a piece of cardboard of slightly 
less width than the mirror obtain a mirror about 3 mm. wide. 

Place this narrow mirror lengthwise on a flat board. Near one end of the 
mirror and 8 or 10 cm. in front of it place on the board a small bright object—a 


bead or a needle. 
On what plane must the eye be placed in order to see the image? 
Are the eye, the image, and the object in the plane of the board? 


The foregoing experiments show that when a ray of light is 
regularly reflected from a plane polished surface— 


(i) The angle of incidence is equal to the angle of reflection. 
(ii) The incident ray, the reflected ray, and the normal are all in the 


same plane. 


261. IMAGES. — When a pencil of light rays proceeds from 
an object, and is reflected from a polished surface to an eye, the 
effect on the eye is the same as if the bundle of rays had come 
straight from the object. The eye gets the same impression as if 
it were turned towards the object. But the judgment that is 
formed is that the direction of the object is that in which the light 
rays are travelling at the time that they reach the eye. The object 
appears like wha* it really is, but removed to a new position. The 
imaginary obje 4 in this new position is called an image. The 
image formed by the pinhole camera (Art. 251) was received on 
a screen. Such images are called real. The image produced by 
a plane mirror cannot be received on a screen: such images are 


called virtual. 
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Fig. 281.—Equality of the Distances 
of Image and Object from a Plane 
Reflecting Surface 


Fig. 282.—Position of Image found by the Parallax Method 


LIGHT 


We have now to consider the 
position of the image formed by a 
plane mirror. 


Ex. 444.—Hold a measuring scale with 
one end of its graduated edge in contact with 


en 


2 


¥ 


a mirror, or (better) a piece of bright sheet 


tin; and the other end a short distance away 
from the mirror (fig. 281). 


Look at each graduation mark and at its 


image. Compare the distance of each mark 
from the reflecting surface of the mirror 


with the apparent distance of its image be- 


hind the mirror. 
What appears to be the ratio between 
these distances ? 


Ex. 445, —Place a narrow strip of mirror 
on a sheet of paper, with its reflecting sur- 


face along a line aB (fig. 282). 


Put tall pins, c and p, one in front of and 


one behind the mirror. 


Place the eye on a level with the pins, so” 
that the top of D can be seen over the mirror at the same time that the image of 
the lower part of c is seen in the mirror. Look at them from various positions. 
Is there a gap between the top of p and the image of c? 

Move one of the pins until a position is found in which this gap disappears, 
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and the top of D appears to be a prolongation of the image of c wherever the eye 


— may be. - 
z When the correct position is found choose some position £ for the eye, and 
mark the line er, which runs from any point £ towards D. 
Remove the mirror, and on the paper draw accurately the lines cp, Er, oF, and 
FG the normal to AB. 
Measure CH and HD. If the work is accurate, they are equal. The image of 
© is the same distance behind the mirror as ¢ is in front of it. 
The line crs is the path pursued by the light from o to the eye at E. Are 
the angles of incidence (cra) and reflection (GFE) equal? 
This method is called the parallax method. 


Ex. 416.—(1) Using the parallax method as in the last exercise, place in 
front of the mirror an object whose 
two ends are not alike, such as a 
paper arrow AB (fig. 283). By pins 
determine the position of a’B’, the 
images of its two ends. Mark on 
the paper the line of the reflecting 
surface of the mirror and remove 
the mirror. Join a’B’, and thus 
reproduce the image. 

(2) Measure the length of a’B’. 
The image is the same size as the 
object. 

(3) Measure the inclinations of 
the lines aB and a’B’ to the mirror. 
They are the same. 

(4) Draw, as in fig. 283, the 


actual paths of the rays by means aif 
of which an eye in some position, B’ 
as 0, sees the images of the two Fig. 283.—Relation of Object and Image 


ends AB of the object. 


262. LATERAL INVERSION.—This pkrase means change of 
side, and is illustrated by the last experiment. If a person stand 
in front of a tall plane mirror and hold out his right hand as though 
to shake hands with his image, the image advances its left hand. 
If the person has his hair parted on the left-hand side, the image 
will have the parting on its right. 

If a directed envelope be held up in front of the mirror, the 
writing appears as it does when seen through the paper; the slope 
is reversed. ‘The impression left on blotting paper is similar. All 
these are instances of lateral inversion. 

The preceding group of experiments show that when an image 
is formed by a plane mirror, the image is as far behind the mirror 
as the object is in front, the image is the same size as the object, 
and is laterally inverted. 
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263. FIELD OF VIEW IN A MIRROR. 


Ex. 417.—Suppose yourself to be standing in front of a tall mirror, so that 
you can just see your image full length. Determine, by drawing, the smallest 
height that the mirror can have and how far above the ground such a mirror 
must be placed. 


264. EFFECT OF ROTATING A MIRROR. 


Ex. 448.—Draw a large circle and two diameters AB, OD at right angles 0 
each other (fig. 284), Along aB 
place a strip of mirror with its 


C : 
centre at E. Look along t 
line DE: its image is seen al 
CE. 

Turn the mirror into the lin 

FG, and mark the line on 

paper. The image of DE wi 

now be seen along HE produced, 
A L B Looking along HE, by pins or 
eae dots mark out this line also. — 
Remove the mirror; draw 

FG and HE accurately; measure 

the angles— 

AEF, through which the mirror 

has been turned ; ; 
DEH, through which the image 
D of DE has been turned. — 


Fig. 284.—Displacement of Image by Rotating a Mirror What is the relation between 
these two angles? 
Repeat the measurement with a different value of the angle AEF. 


The experiment shows that when a mirror is rotated through 
a certain angle the direction of a reflected ray is changed 
double that angle. For instance, if the mirror is turned from 20°: 
30°, that is, through an angle of 10°, the reflected ray is turne 
from 40° to 60°, through an angle of 20°. 

The reflected ray is sometimes said to have double the ¢ 
velocity of the mirror. 


265. MULTIPLE IMAGES IN PARALLEL MIRRORS. 


Ex. 449.—On a sheet of paper place two strips of mirror glass, A and B fig 
285), parallel to each other a few centimetres apart, and mark their position 
Between them, and nearer to one mirror than the other, stick a tall pin into th 
paper, 4 
Find a position for the eye in which several images of the pin are seen 1 
“mirror A. By the parallax method mark the positions of the first three oe} “i 
of these images, ns 
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Do the same for mirror B. 

Remove the mirrors. 

Were the images a, a, . . , 4, 0) in a straight line! 

Each image in A acts in turn as an object for the mirror B, and each image in 


Fig. 285.—Multiple Images in Parallel Mirrors 


B acts similarly towards mirror a. Measure the distances from 4, to 4 and from 
ato a. Are they equal? 
In the same way, verify the law of distances for the other images. 


266. INCLINED MIRRORS. 


Ex, 420.—On a sheet of paper set out a large semicircular protractor, marking 
every 10 degrees. 4 

Place two rectangular mirrors vertical with one end at the origin of the angles, 
They may be hinged by a piece of gummed paper. 

Set the mirrors so as to enclose an angle of 90°, and place a candle, piece of 
chalk, or other bright object, between them, as in fig. 286. 

Find a position for the eye in which all the images can be plainly seen. 

Count the images (n), and note the angle between the mirrors (a). (Among 
m include the object.) 

Rotate one mirror round the hinge. 
Note the behaviour of the images. 

When the angle between the mirrors 
is 72° again record a and n. 
Repeat for angles of 60°, 45°, 30°. 
For each observation find the value 
360° 
a. 5 
number of images seen at that angle? 


of 


Is the quotient equal to the 


1 LE B 
t! 


Example.—W hat would be the number t a 9 
of images formed with the mirrors at : 
20°? 10°? 57! 


Fig. 286 shows the appearance 
when the mirrors are placed at 
angles of 60°. The image in the Fig, 286.—Images in Inclined Mirrors 
sector ACB’ is the first image of 
the candle in the mirror AC; the image in the sector A’cB” is the 
reflection in pc of the first image above mentioned; and _ this 
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secondary image has in turn a third image in the sector BCA”. 
Starting with the first image in BC a similar set is obtained, the ; 
third of which coincides with the third obtained above. 


Ex. 421.—Show by a drawing how diffused reflection from rough surfaces 
follows from the laws of regular reflection. Draw a wavy line. On it fix on — 
several points, and mark them 4, B, ©, &c. 

Mark an incident ray falling on A; find as nearly as possible the normal at A; _ 
and draw the reflected ray. 

Repeat the operation at each of the other points, making the incident rays all 
parallel to each other. 

Note the various directions of the reflected rays. 


Ex. 422.—Miscellaneous Exercises. (1) Draw and describe a diagram 
showing the angle of incidence and the angle of reflection. What is the value — 
of each of these angles when the sun is 25° above the horizon and you see his 
image reflected in still water? 

(2) Place a candle beside a vessel full of water,’and look at the reflection from 
the other side of the vessel. Note the image. : 

Produce slight ripples on the water. What is the appearance now? 

(3) In the manner indicated in Exercise 421 explain and illustrate by a draw- — 
ing the formation of the long band of light often seen on the surface of water on 
which the moon is shining. ° 

(4) A candle is caused to shed light through two long narrow tubes, upon two ~ 
flat mirrors so placed as to reflect the light to one and the same spot. Give a 
sketch showing accurately the paths of the two beams of light. 

(5) Two plane mirrors are inclined to one another at an angle of 72°. Show — 
how to determine the position and number of the images of an object placed — 
between the mirrors, 


CHAPTER XXXII 


Spherical Mirrors 


267. Spherical mirrors are reflectors having 
the form of a small part of the surface of a sphere 
(fig. 287). The edge of the mirror is generally 
circular. Such mirrors are either concave or 
convex. 

Referring to fig. 290, where a section of a- 
spherical mirror is shown :— : 

The centre of curvature c of the spherical 
mirror is the centre of the sphere of whose surface 
Fig. 987 --A Concave H@ mirror is a part. - 

Mirror A straight line such as Ic or 0c drawn from 
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any point in a spherical mirror to the centre of curvature is a 
normal to the surface of the mirror at that point. 

The length cl or Co is called the radius of curvature. 

The vertex or centre of the spherical mirror is at 0, the middle 
point of its surface. 

The principal axis is the line 0C passing through the centre 
of curvature C and the vertex 0. 

A principal section MN of the mirror is a section produced 
by any plane passing through the vertex O and the centre of 
curvature C. 


268. THE CONCAVE MIRROR.—The focus and focal length 
of a concave mirror may be demonstrated thus :— 

Ex. 423.—Place the mirror facing the sun. Place a small cardboard screen 
between the sun and the mirror, but slightly to one side, so a8 not, to cut off the 
light from the mirror. Adjust the positions of the screen and the mirror until a 
patch of light appears on the screen. This patch of light is an image of the sun. 

Move the screen straight towards or straight away from the mirror, and note 
the changes in the size of the image. In this way find the position of the screen 
when the image is smallest and most sharply defined. 

When this position has been obtained the image is situated at the focus of the 
mirror, and the distance from the focus to the centre of the mirror is the focal 
length of the mirror. Measure this distance. 

If the sun is not available use a bright light placed as far away as possible. 


Fig. 288 illustrates 
what has taken place. 
The rays from the sun 
are parallel, and are re- 
presented by the parallel 
lines. 

Jiach of these rays 
on striking the mirror 
is reflected according 
‘to the laws of Art. 260, lig. 288.—Parallel Rays converging to a Focus 
with the result that the 
reflected rays all pass through a region F, which is the focus ot 
the mirror. In all the following figures the focus is marked F; 
and the focal length is written /,. 


269. CENTRE OF CURVATURE. 


Ex. 424.—Take a screen with a small hole through its centre. Across the 
nole gum two threads (cross wires), or fasten a piece of wire gauze over it, 
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Place the screen on an optical bench. Just behind it place a globe lamp o1 
other uniform source of light (fig. 289). On the other side of the screen place 
the concave mirror that was used in the previous exercise. 

Adjust the position of the mirror until an image of the aperture appears on 


Fig. 289.—Determination of the Radius pf Curvature of a Mirror 


the screen, close beside the aperture itself and of the same size, with the cros 
wires sharply defined. 
Measure the distance from the screen to the centre of the mirror. This dis 
tance 7 is the radius of curvature of the mirror, since the rays are normals. 
Compare the values of f and 7 obtained in the last two experiments. Ther 
is a simple relation between them. What is it? 


Radius of Curvature and Focal Length.—The relation betwee 
these two quantities f and 7 is shown in fig. 290. 

Let RI represent ara’ 
of light parallel to th 
principal axis. Then b 
the laws of Art. 266 
the angle CIF is equal t 
the angle RIC, and th 
reflected ray passe 
through a point F on th 
principal axis. But th 
angle RIC is equal % 


Fie. 200.—Relation between Radius of Curvature and the angle Ico, Ther 
Focal Length fore the angles FIC an 


FCI are equal, and ther 
fore FC is equal to FI. But FI is very nearly equal to Fo, therefot 
FO is very nearly equal to Fc. If, then, the point 1 be close to tf 
point 0, F is regarded as being midway between 0 and C, TI 
point F thus determined is the point to which incident rays parall 
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iz > the principal axis converge after reflection, that is the principal 
focus of the mirror. 

Thus 2/ is very nearly equal to . t 

_ Ex. 425.—Find the radius of curvature r of the mirror by means of the 


“sSpherometer by the method indicated in Art. 20. Compare the value with that 
)btained in Exercise 424. 


270. IMAGES FORMED BY A CONCAVE MIRROR. 


_ Ex. 426.—On an optical bench arrange a bright object, a sereen, and a mirror 
in the manner indicated in fig. 291. 
_ The object may be a candle an electric lamp having the filaments in sone 


iE SRT 


Fig. 291.—Formation of an Image by a Concave Mirror 


Reg ere eR Te RO TD 


Diane, a gas flame placed so that the breadth of the flame is at right angles to the 
Measured scale; or a window in a blackened lamp chimney (Art. 248). 

The mirror mast be placed a little obliquely to the line of the bench. 

i Call the distances—mirror to object u, 

a mirror to umage Vv. 

Sd By trial find several values of u and v which give a clear image of the object 
on the screen, and other cases when no such image can be got. After this general 
experience proceed systematically thus :— 

_ (1) Make w less than f, the focal length. Trial will show that in no position 
of the screen is an image formed on it. Look in the mirror itself. The image 

‘is there, virtual, erect, and larger than the object. 

(2) Make w as nearly as possible equal to f. A patch of light will be seen on 
the screen or on the wall beyond it. 

(3) Make wu a little greater than f. An image is formed, far off, so that v is 
e. 
_ Slowly increase w: note that the image approaches the mirror, and that it is 
; inverted, and larger than the object. When the image comes on the measur- 
1 scale, measure wv and v, and record them. 

ae ‘Slightly increase uv, and again measure u and v. Continue in this way, and 
t several values of w and », 

The object and screen have been approaching each other. When the distances 
such that the candle is in the way of the screen, push the screen back a little 
(0 405 ) 24 
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away from the measuring scale, so that it will pass the object. Rotate the mirr 
on its upright, so that an image is formed on the near edge of the sereen, Col 
tinue the observations as before. f 

(4) Note particularly the case when wv = v. Is each of these numbers = 1 
(Exercise 424.) 3 

(5) Make w greater than 2, and take three or four values in this stage | 
the experiment. 

(6) Employing a suitable object and screen, interchange them, and using tl 
values of uw and v obtained above, show that their positions are interchangeab! 

Some of the measurements when v was very large and u small, or when u Ww 

- very large and v small, will be unreliable, because a large difference in one mai 

but a small difference in the other, and the exact points were not easy to fix. 

Treat the middle set of observations as is done in the following example, a1 
make a graph of the values of u and »v. 


' 7 < ty S £ 


Values of v ..._ ... | 50 40 35 30 25 | 20 | 
Values of ... .. 2. | 21-5 | 23°3|| 26 | 288 | 85°6°\* 55 | 
fas ‘2s CS ae Sr Ee, 
Values of - f-  eae Moeee) ee | 029 | :033 04 | ‘05 
Sp aeee | | | 
/ / . ai 
Values of = vas ace | 047 | 043 | 088 | 085 | -028 | 018 


| a 2 
Valacs of . + - | 1967 | 068 | 067 | 068 | -068 | -068 


| eae 


lS eS eee 


The values of v and w are set out in the graph (fig. 292). Fr 
the origin 0 draw the line OBA, making an angle of 45° with es 
axis. Then the curve is seen to be symmetrical about the line « 
i.e. if the paper be folded across this line the two arms of the eur 
coincide. While thus doubled, prick a hole through anywhere 
the curve: the co-ordinates of these points are conjugate foci. 1 
point A on the curve is where wu = v = 29-4. The radius 
curvature of this mirror was therefore 29-4 cm., and its focal len, 
1(29-4) = 14:7 cm. The focal length of a concave mirror m 
be accurately obtained in this way. 

Referring to the table above it: is seen that the values 
: 4 2 are (within limits of experimental error) always the sa 
The mean of these values above is 0676. The value found 


f from the graph was 14-7 and e , = 068, 
7 
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- VALUES OF V —» 
Fig. 292.—Relation between the Distances of Object and Image from the Mirror 


Hence it is shown experimentally that the relation between u, 
j, %, and r is given by the equation 
1 £ 1 1 2 
: § 


u v fa 
271. SIZE OF THE IMAGE. 


Ex. 427.—Using the same arrangement as in the previous exercise, take 
several observations of u and v, measuring on each occasion the height of the 
di 
' For each observation calculate the ratio 
be Height of object 
- Height of image’ 
272. SOLUTIONS OF PROBLEMS GRAPHICALLY.— 
“Since rays of light travel in straight lines, and the laws of their 
reflection are known, problems on reflection from spherical mirrors 
may often be solved by drawings made to scale. 
Thus fig. 290 shows how it is that when rays that are parallel 
_to the principal axis fall on a concave mirror, the reflected rays 
_~pass through the principal focus. 
__ By the same method the point may be found to which the rays 
_ converge that start from any point on the principal axis. 


Distance of object from mirror 


; : : and 
Distance of image from mirror’ 


Compare these ratios. 


; 
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273. CONJUGATE FOCI. e 
Ex. 428.—With centre c (fig. 293) describe an arc of a circle MON to represen 


the section of a concave mirror. Draw its principal axis op. Bisect oc at 1 
On the principal axis fix a point P beyond c; draw PQ to the mirror; join Qo 
make the angle cap’ = Pac, and thus obtain the point P’ on the principal axis. — 


Fig. 293.—Conjugate Foci of a Concave Mirror (both real) 


Then light proceeding along Pq after reflection passes through P’. : 

On the same figure repeat the construction for any rays PS and pr. For the 
also the reflected rays pass through P’. : 

Hence the whole beam that starts from Pp and falls on the mirror is reflect 
to p’. And conversely if the beam start from P’ it converges to P. 

Points thus related are conjugate foci. Note that wherever p may be (beyoi 
0), P’ falls between F and c. 

Each pair of values of u and v obtained in Exercise 426 were-conjugate foci. 


Ex. 429.—Repeat the above construction with the point P between F al 
the apex o (fig. 294). The ray after reflection goes along gp”. Produce this li 


FYXg. 294. Conjugate Foci of a Concave Mirror (one real, one virtual 


be 
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(behind the mirror) to P’, The rays ps and pR in the same way proceed virtually, 


not really, to p’, which is the focus conjugate to Pp. 


274. TO FIND BY DRAWING THE IMAGE OF AN 
OBJECT.—Rays proceed from each point of the object to the whole 
mirror, and are there reflected and brought to a focus at another 


point. These two points are conjugate foci; at one is a point of 
_ the object, at the other is the corresponding point of the image. To 
_ find the image of a simple rod we find the focus conjugate to each 


of its ends and join the two points thus found. 

The method of finding the position of an image of a point is 
based on the following principle:—Since the rays proceeding from a 
point P (fig. 293) are all reflected to another point P’, if the point be 
found where two rays from P cross after reflection, we know that all the 
rest will puss through that point, which must therefore be P’, the image of P. 

Ex. 430.—With radius co draw a section MN of a concave mirror (fig. 295), 


and the principal axis 00S; mark the centre c and the focus r. Draw an arrow 
AB to represent an object 


on the side of c remote from 
oO. From a draw two lines u+ 
representing two rays :— o %: 
(1) ar parallel to the | 
principal axis of the mirror. | oe 
This ray after reflection | 
ees uae — Fig. 295.—Real Image formed by a Concave Mirror 


(2) aca’ passing through 
c. This ray is reflected from the mirror back along the same line a’oa, because 
it is normal to the mirror. 

Then the point A’ where these lines intersect is the image of A. 

A similar construction gives B’ the image of B. Join a's’; then a's’ is the 
image required. The following cases arise :— 

(i) When the object (fig. 295) is at a greater distance from the mirror than oc 
the image is between F and o. It is real, inverted, and smaller than the object. 

(ii) When the object is between c and F the image is on the other side of o. 
It is real, inverted, and larger than the object. In fig, 295, a’b’ now represents the 
object and aB the image, 

Ex. 431, — Repeat 7 : 
the above construction | ti. 
with the object between = wu + 
F and o (fig. 296). The | 
image is then on the | ¥%- {| ~~" 
other side of 0 behind | 
the mirror, as in fig. 296. | f+ 
In that figure ap is the 
object. The ray along 


/ 
/ 


/ 


----}+-—-—-- 


- 


- 
. 
- 
Pe 


AI is parallel to co, and Fig, 296.—Virtual Image formed by a Concave Mirror 


’ 
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therefore after reflection passes through r. The ray AN along the line on i 
reflected back to c. Where the continuation of the lines of direction of these tw 
rays meet, i.e. at A’, is the image of A. | 

A similar construction gives the position of B’, the image of B, and a’B’ is th 
image of AB. It is virtual, erect, and larger than the object. ‘ 

It is clear from the similar triangles CAB and Ca’B’ that th 
height of the object and image are in the ratio of their distance 


from the centre of curvature of the mirror. 


275. THE CONVEX MIRROR.—A convex mirror is part ¢ 
the surface of a sphere as viewed from the outside of the sphers 
The definitions of Art. 267 apply to convex mirrors. | 


Ex. 432.—Place a candle in front of a convex mirror. Can an image of tl 
candle be obtained on a screen in front of the mirror? | 

Look into the mirror. At whatever distance the candle may be placed fro 
the mirror, the image is always behind the mirror—virtual, erect, diminishe 
Note the variation in size with distance from the mirror. 


Ex. 433.—To find the focal length of a convex mirror. | 
In front of a convex mirror place a sheet of paper fastened to a drawing boat 
or block of wood which is placed in such a position that the horizontal sheet | 
paper liesalong the pri 
cipal axis and bisee 
the mirror, as shown | 
plan in fig. 297. Pla 
a similar sheet of pap 
behind the mirror. 
On the front she 
of paper rule a line | 
along the principal ax 
and two other lines 4 
ED parallel to it. 
The images NA, | 
of the lines in the mirt 
converge. 
Fig. 297. Determination of the Focal Length of a Convex See that the refi 
Mirror tion of oP is in a li 
with op. Place 
straight-edge on the paper, and looking along it into the mirror mark accurate 
KH the continuation of NA, and LM the continuation of GE. 
Remove the mirror, and produce HK and LM to meet. They will be found 
meet on the principal axis. The point F thus found behind the mirror is t 
principal focus of the mirror, and Fo is the focal length (f). 


276. RADIUS OF CURVATURE. 


Ex. 434,—Set up the apparatus exactly as for the last experiment. Drat 
line representing the principal axis. Its reflection is in the same straight line. 
j 


=, 
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Place a straight-edge inclined to the axis, as KH in fig. 297, and adjust it until 
the straight-edge and its reflection are in a straight line, Draw the line. 

Repeat the operation on the other side of the axis, as at LM. 

Then the three lines on the paper are al! normals to the surface. Remove the 
mirror. Produce the lines till they meet at the centre of curvature, and measure 
the radius of curvature (7). 

Compare the values of the radius of curvature and focal length thus found. 
As before, r = 2/f. 


Ex. 434a.—Make one or two measurements of u and v for a convex mirror 
by the parallax method (Exercise 415) using a candle as the object, and a knitting 
needle in place of the pin p in fig. 282. 


277. TO SHOW GRAPHICALLY THE FORMATION OF 
IMAGES BY A CONVEX MIRROR. 


Ex. 435.—Draw a section of a convex mirror (fig. 298). Mark its principal 
axis, its focus (F), and centre 
of curvature (c). Let AB re- 
present the object. 

Draw AI representing a ray 
parallel to the principal axis. | 
This ray is reflected so that the 
continuation of its line of direc- | 
tion passes through Fr. Draw | 
AC representing a ray proceed- | 
ing towards the centre of cur- 
vature. This ray is normal to 
the mirror, and returns from 
the mirror along the same line 
through a. The continuation of its line of direction cuts Ir in 4’. Then A’ is the 
image of a. A similar construction gives B’ the image of B. 

Repeat the exercise with aB in various positions. As aB is moved from a 
position close to the mirror to a position infinitely distant from it, 4’B’ moves 
from close to the mirror towards the focus F, growing continually smaller as it 
approaches F. There is only one case to consider here, The image is always 
virtual, erect, and smaller than the object. 


Fig. 298.—Image formed by a Convex Mirror 


The figure shows that the relation between the sizes (heights) 
of the object and image is the same as the relation between their 
distances from C the centre of curvature. 


278. POSITIVE AND NEGATIVE VALUES OF », », and f 
In applying the formula 
| 
| uto f 
to all the different cases determined in the previous exercises, it 
is necessary to take note of the direction in which the light is 
travelling and to call one direction + and the opposite —. is. 
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tances measured in the direction from the mirror towards the object are 
+: distances measured in the opposite direction are —. Thus we have 
» — wu: always +; 
f: + for concave mirror, 
— for convex mirror; 

~ yy: + for real image, 
— for virtual image. 


aT ee ee 


_oThe sizes of image and object are always positive. 
} Examples. —(1) A square placed 18 cm. in front of a concave mirror has 


' virtual image of four times its area, Find the radius of the mirror. 


Here we have u = 18cm. Since the image is twice the height of the object 
and is virtual, v = —36 cm. 


2 

Th et ee, Siecle ees 
gt eee | 
1 1 2 
ee —— a 
18 36 Tr : 
and » = 72 cm. 


(2) Find the position and size of the i image of a rod 5 cm. high placed 16 om 
in front of a convex mirror whose focal length is 12 cm. 


Here we have wu = l6cm.; f = —12; 
pes 1 1 ' 
S57 ee = a4 
% 1 —) oa i == soe 
=» 12 46 48’ . 
v = —6} cm. 


The negative sign shows that the image is virtual. 
Also Height of image _ 6 _ 48 
5 16 112 
.. Height of image = 2:1 cm. 


Ex. 486.—Miscellaneous Exercises. (1) Draw the section of a concay 
mirror ; place an arrow in front of it, and show by a diagram how an image : 
the arrow is formed by the mirror. 

(2) Show by diagrams how the above-mentioned image changes when th 
distance of the arrow from the mirror is changed. 

(3) Give a diagram showing how the image of a rod is formed in a polish 
metal ball, and explain the construction of the figure. 

(4) What is the difference between a virtual and a real image? Bumera 
in separate lists all the cases of their formation by reflection. 

(5) The focal length of a concave mirror is 5 in. What is the relative 
of the i image of a small object placed 15 in. from the mirror? 

(6) The image of a candle placed 20 cm. in front of a concave mirror is 8 
distinctly on a screen placed 50 cm. from the mirror, What is the focal len 
of the mirror? 

(7) A candle is placed 8 ft. from a concave mirror, and a distinct 
obtained on a screen placed 8 ft. from the eandle. The candle is then 
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‘a 6 in. farther from the mirror. Where must the screen be placed to show a 


distinct image? 
(8) The focal length of a concave mirror is 15 cm. Find the nature, position, 


‘ 4 and magnitude of an object placed (a) 20 cm. from the mirror, (4) 10 cm, from 


the mirror. 
(9) The radius of a concave mirror is 6 ft., and a circular disk 1 in. in dja- */, 


meter is placed on the axis of the mirror, at a distance of 2 ft. from it. Determine , 


_ the size and position of the image. 


candle behind a rectangular bottle 


can be seen below the bottle, note 


CHAPTER XAXXITI 


Refraction 


279. BENDING OF LIGHT RAYS.—In Chapter XXIX it 
was seen that rays of light travel in straight lines in air and 


through space; and when they fall on certain substances they are 


reflected and proceed along another straight line. We have now 
to see what happens when the rays pass into a transparent sub- 
stance such as water or glass. 


Ex. 437.—(1) Hold a beaker nearly full of water between the eye and a thin 


vertical rod or string. Move the beaker slightly from side to side. Note the 


appearance of the rod seen through the water. Tilt the beaker a little: what 
appearance does the rod present? Draw these appearances. 

(2) Place the beaker of water on the edge of a sheet of white paper. Look 
along the edge of the paper, and move the head slightly from side to side. Note 
the appearances of the edge of the paper seen through the beaker. 

(3) Replace the beaker of water by a rectangular bottle containing water or 
by a block of glass, and make 
similar observations. 


Ex. 438. — Place a lighted 


filled with water. Look at the 
flame through the water. Rotate 
the bottle into various positions. 
Note what changes appear to take 
place in the position of the candle 
flame. 

If a part of the candle itself 


its position with regard to the 
part seen through the bottle. 


Ex. 439.—Hold a rod with 


one end dipping some distance Fig. 299.—Appearance of a Rod immersed 
' into water, as in fig. 299, and obliquely in Water 
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compare the immersed part with the remainder, viewing it from several different 
positions. | 

Change the position of the rod, and repeat the observations, noting the direc- 
tion and apparent size of the immersed part. 

Find a position in which the whole rod appears straight. 

Ex. 440.—Hold a strip of wood, such as a flat broad measuring scale, end on 
and perpendicular to a mirror of thick 
glass silvered at the back, or a thick : 
piece of ordinary glass having dark 
paper at the back. 

Placing your head about half a 
metre from the scale, and about 10 or 
15 cm. from the plane of the mirror, | 
look towards the gap between the scale 
and its image. 

The image of the scale seems nearer 
to you than the scale itself. . 

View the gap with the right and 


Fig. 300.—Image of a Scale in a Mirror 
saad Obliquely left eye alternately. The scale appears 
to move. . 
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These observations show that when an object is viewed in 
certain positions through glass or water the object appears to be 
displased. (The complicated effects observed with the beaker are 
partly due to images formed by reflections from its curved surface.) 

The next experiment shows the cause of this displacement. 


Fig. 301.— Bending of Oblique Light Rays at the Surface of Water 


Ex. 444,—Take a rectangular vessel that will hold water, such as a small 
oblong biscuit tin. If the vessel be of glass, paste a piece of black paper over © 
end a8 (fig. 301). Fit a piece of white paper in the bottom of the vessel, and p@ 
a weight on each end of it 3 


j 


REFRACTION 303 


Let the light of the sun or of a candle stream obliquely over the opaque end 
of the vessel along a line cp, so that the part pe is light and BD in shadow. 
Gently pour water into the vessel. Note the movement of the line of shadow to 
a position F as the water is poured in. 


The displacement of objects noticed in Exercises 437 to 440 is 
thus shown to be due to the fact that when light passes obliquely 
from air into water or glass its direction is changed. The rays 
no longer proceed forward in a straight line, but undergo change 
of direction or deviation. This process is called refraction, and is 
produced by most transparent substances. 

Any material through which light passes is called a medium. 
Hence we may make the general statement that when light passes in 
an oblique direction from one medium to another it is refracted. 

Refraction takes place in a regular way. 


280. INDEX OF REFRACTION. 


Ex. 442.—(1) On a sheet of glass, tin, or wood mark clearly the circumfer- 
ence of a large circle with two diameters at right angles to each other, aB and 
ep (fig. 302), and a radius EF making 
an angle of about 40° with ED. 

Place the circle in a vessel of 
water in such a position that AB 
is along the surface of the water. 

From above, look straight along 
the line Er, and mark on the cir- 
cumference the point G, which 
appears to be exactly in the con- 
tinuation of the line FE. 

Remove the circle from the 
water, and measure the perpen- 
dicular distances GH and FK on to 
the line cep, which was the normal 
to the surface of the water. 


Find the value of the ratio ae 


(2) Repeat the experiment 
with a different radius Er’ (fig. 
802), and thus find another value 
for the above ratio. Compare the Fig. 302.—Construction for the Index of Refraction 
values obtained. 

(If the disk be of wood, pieces of thin string fastened by drawing pins may be 
used for the radii EF and £G.) 


It is found that whatever radius EF of the circle is used, pro- 
vided that GE comes above the surface of the water, the ratio 
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is always the same for the same substance. It is called the index j 
of refraction. For water its value is 1°33. Hach substance has a— 


different index of refraction. 


Fig. 302 enables us to arrive at a more convenient expression — 
for the index of refraction. The lines GE and EF are called the 
incident and refracted rays, and the angles GEH and FEK the angles ~ 


of incidence and of refraction. 


In Art. 26 was shown the meaning of the term sine of an angle. 


The angle GEH in fig. 302 is the angle of incidence, and — is 


its sine: the angle FEK is the angle of refraction, and — is its sine. 


GH , FK 
Since FE = GE, °. —+ — = 
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Fig. 303.._Measurement of the Index of Refraction 
of Water 


fracted ray, and GH the depth of the water. 


HGD is the angle of incidence, and its sine is —. 
DG 
; ee. i ec = as 
HFG is the angle of refraction, and its sine 1s —, 
FG 
. i SOD 
and the index of refraction is — + 


The lengths of all the lines are known, since the figure is drawn to scale. 
Example.—In an experiment aB was 83 cm., BD 7°36 cm. BF 5°6 cm. af 


GH 
FK 

Hence the index of vrefrac- 
tion is the ratio of the sine of 
the angle of incidence to the sine 
of the angle of refraction. 

Ex. 443.—Measure the index 
of refraction of water by the method 
of Exercise 441. Cover the bottom 
of the vessel with a white surface. 
Place the vessel so that the shadow 
line falls at D (fig. 301), and with 
dividers measure its distance from 
B. 


Pour in water until the vessel 
is about three-fourths full. Measure 


Eo 


; 
| 
3 
| 


the distance of the new shadow line — 


F from B; the depth of the water; 


and the depth of the side AB of the 
vessel. 


Draw the right-hand side of fig. 


301 to scale as in fig. 303. Then — 


G is the point where the ray CA 
strikes the surface of the water. 


Hl) 


Hit 


De | «6FG 


AG is the incident ray, eF the re-— 


— 


=v = 


ae Td ati 


REFRACTION 305 


GH 61 cm. These numbers on a scale of one-half give fig. 303; and by mea- 
suring the lines we obtain— 


HD. HF _ 53 . 36 _ ‘662 
i 


DG FG a Jr} 2 

It is important to notice in which direction the light is deviated. 
The general rule is, as in the above experiments, that when the 
light passes from a rarer into a denser medium the deviation is 


towards the normal: when the light passes from the denser to the 
rarer medium it is deviated away from the normal. 


Ex. 444.——On a sheet of paper rule two thin 
clear parallel lines about a centimetre apart. C 
On them place a slab of glass in the position ,y4\ ; 

shown in fig. 304, as viewed from the top. \ 

Look horizontally along the lines ac, bp from the 
ends A, B; see that the lines appear straight. 

Turn the block into the position shown in fig. 305, 
as viewed from the top. Again look horizontally along 
the lines ac, BD; note that the lines appear broken. 
Vary the angle which the faces of the block make 


C 


Fig. 304 Fig. 305 B 
Fig. 806.--Measurement of 
Parallel Lines viewed through a Block of Glass the Index of Refraction of a 
Perpendicularly and Obliquely Block of Glass 


with AG, BD, and note the changes in the apparent displacement of these lines. 
Find the position of the block in which cx (fig, 805) appears exactly in line 
with ue; then mark accurately on the paper the lines rk, La, 
Remove the slab, and drawing very accurately develop fig, 306, where cune 
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is the path of the ray that came to the eye. Draw the normals MEN, PHQ. Mea- 
sure carefully with a protractor the angles of incidence (7) and refraction (r); 
obtain their sines either from a set of tables or from the methods of Art. 26, 
and thus determine the index of refraction of the glass. 

Measure the angles 7; and 7, (fig. 306), and find - 
the index of refraction of a ray passing from glass 
to air. 

Note that HB is parallel to cz: the direction of 
the light is unchanged by its passage through the 
slab. 


281. The refractive index of liquids 
may be found in precisely the same manner 
as that of a slab or block of glass by plac- 
ing the liquid in a hollow glass cube or 
bottle having parallel sides (such as those 
in which scents are sometimes sold). 


282. APPARENT DISPLACEMENT OF OBJECTS BY 
REFRACTION.—It is clear that when light proceeding from an 
object to the eye has been re- 
fracted the object is not seen 
in its true position. It appears 
displaced because the eye is 
looking along the refracted 
ray, and really sees an image. 

Fig. 308 shows how it is 
that an eye looking at an ob- 
ject S obliquely through a glass 
plate or a layer of any trans- 
Fig, 308.— Image of an Object seen obliquely parent material sees an image 

ee Te at s’ raised above the -object. 
This illustrates why water is 
always deeper than it appears to be. 


Ex. 445.—From the hint given by fig. 308 make a drawing showing the 
position in which a fish in a river sees the head of a person standing on the 
bank. 

Ex. 446.—Place a coin in a basin, and the eye in such a position that the 
coin is just hidden by the side of the vessel. Pour water into the vessel: the 
coin comes into view. Make a drawing showing the paths of the rays of hght, 
and where the eye sees the coin. 


283. LAWS OF REFRACTION. — The main facts of refrac- 
tion are summed up in the two following statements:— 
|. When a beam of light passes obliquely from one medinm ta another 
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it wndergoes refraction, and the incident ray, the refracted ray, and the 
normal at the point of incidence are in the same plane. 

2. For the same two media the sine of the angle of incidence bears 
a constant ratio to the sine of the angle of refraction: this ratio is th: 
refractive index. 


284. REFRACTION THROUGH A PRISM.—A prism in 
optics always means a triangular prism (fig. 309). The base CDEF 
is not used: the edge AB parallel to the base is the refracting edge. 


Optical Prism Fig. 310.— Image of a Candle viewed through a Prism 


Ex. 447.—Hold a prism between the eye and a candle, with its refracting 
edge horizontal (fig. 310). The candle flame appears to be displaced because the 
light proceeding from it has undergone deviation. It entered one face of the 
prism along the lines shown continuous in the figure, and emerged from the other 
face to the eye along the broken lines, The eye sees the object along the con- 
tinuation of these (broken) lines. 

Rotate the prism slightly in both directions. Note the movement of the 
image. Does the deviation of the light depend on the position of the prism ¢ 


285. TO TRACE THE PATH OF A RAY OF LIGHT 
THROUGH A PRISM. 


Ex. 448.—(1) Place a prism on a sheet of paper with its refracting edge 
vertical, and with a fine pencil trace its outline on the paper, On or close to 
this line place two vertical pins N and Nn’ (fig. 311), 

Look, with one eye only, at the prism in the direction RN, and find a point 
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(as far off froma N as is convenient) such that a pin at R appears to be in a streigtil 
line with n and y’, when viewed along the line RN. 

Look at the other face of the prism, and find a point R’ such that RN . 
appear to be in a straight line. 7 

Then neglecting the coloured 
fringes, the line RNN’R appears to be ; 
straight whichever end it is te 
from. 

Remove the prism. Draw the linea! 
RN, NN’, NR through the pinholes. | 
Then this line is the path of a ray of 
light through the prism. : 

Produce RN to r and R’N’ to meet 
this line ino. Then light that started 
from R towards r has been bent round 
into the direction or’. The angle rOR' 
therefore measures the deviation. Measure the angle ror’. | 

(2) Repeat the experiment, having first arranged that the pins N and N’ are 
at equal distances from the refracting edge a (fig. 311). ; 

The deviation is now as small as it can be. The line NN’ is parallel to the 
base of the prism. This path of a ray is the path of minimum deviation. | 


, 3a pee eri hte 


Fig, 311.—Path of Light Rays through a Prism 


Ex. 449.—Place two prisms ABC, MBC (fig. 312) with their bases in contact 
along a line pc drawn on a sheet of paper. 

By means of pins trace out the line pEFG of a ray of light through one prism, 
and the ray DHKG through the other prism, BO, EF, attd HK being parallel. 


Fig. 312.—Convergence of Light Rays by a Double Prism 


Note that the diverging beam of light DEH is converted into a converging beam 
FKG. If the prisms are exactly alike, @ will be in the same position for both 
prisms. 


286. MECHANICAL ILLUSTRATION OF REFRACTION. 


Ex. 450.—Fix with drawing pins or glue on a smooth board a rectangulss 
prece of plush or imitation sealskin or similar material. 
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On the board place a light dumb-bell, and tilt the board a little so that the 
dumb-bell slowly rolls down the plane on to the plush, 

(1) Let the dumb-bell roll straight down the board so that it travels straight 
across the plush. The speed of its motion is diminished by the pile. 

(2) Let the dumb-bell roll down the board obliquely, so that one end reaches 
the pile before the other. The dumb-bell swings round and changes the direction 
of its motion. On leaving the board it changes direction again, going on parallel 
to its original direction. 


As this illustration suggests, the cause of refraction is that the 
light experiences more difficulty in passing through glass or water 
than through air, and therefore travels slower. An oblique pencil 
of rays is swung round into a different direction, because one side 
of it enters the denser medium before the other. ; 


CHAPTER XXXIV 


Lenses 


287. In this chapter we have to deal with images formed by 
rays of light that have undergone refraction. 


Ex. 451.—(1) Fill a flask with water, and hold it so that the light of the sun 
or from a lamp falls on the flask. 

On the side of the flask opposite to the source of light place a screen. Move 
the screen nearer to and farther from the flask. 

What has the flask of water done to the light rays that fell on it? 


A B 
Cc D 
E FE 


Fig. 313.—Convergence of Parallel Rays by passage through a Transparent Sphere 


(2) Rule three thick parallel straight lines AB, OD, EF (fig. 313) on a piece of 
cardboard. Cut a hole in the cardboard just big enough to let the flask go 
through. Put the flask on the table, and support the cardboard firmly at the 
level of the centre of the flask, 

Look through the flask from the other side. How do the lines appear? 

Place a flat ruler with its edge in a continuation of the centre line, and when 
it is quite correct draw that line, Do this for each of the other lines (fig. 818), 

0 408) 224 
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In its passage through the sphere of water the light from the lines has beer 
refracted, so that the refracted rays pass nearly through one point. 


288. LENSES.—A lens is a portion of some refracting sub 
stance, generally glass 
that has one or both o 
the opposite faces por 
tions of surfaces 0 
spheres, as was the casi 
with the flask in Exer 

cise 451. 
Fig. 314 shows sec 
Fig. 314.—Forms of Lenses tions of a set of lenses 
Some of the exper 


ments are best made with half lenses. 


Ex. 452.—(1) Examine forms of lenses. Hold a straight-edge across th 
middle of each face and examine its reflection. Those which are thicker in th 
middle than at the edges (A, B, © above) are called convex lenses; those whic 
are thinnest in the middle (p, F, F) concave lenses. 

(2) Hold the lens near the eye and look at some small object or the page « 
a book on the table. Move the lens to the left and right. Note that with 
convex lens the object looked at appears to move in the opposite direction 1 
that in which the lens is moved; with a concave lens the object appears to mov 
in the same direction as the lens. 

If no such apparent movement of the object occurs, the glass is plane and m 
a lens at all. 


The optical centre of a lens is the middle point of its sul 
stance. The thickness of lenses is neglected in elementary worl 
and thus any ray passing through the centre of a lens is considere 
as passing straight on with its direction unchanged. 

The principal axis of a lens is the line joining the centres of th 
two bounding surfaces. In what follows it is supposed that poin' 
of light are on this axis, and that objects are bisected by it. 

The terms real and virtual have the same meaning for lenses : 
for mirrors (see Art. 261). 


289. THE DOUBLE-CONVEX LENS.—Many of the exper 
ments with ‘a double-convex lens are similar to those made with 
concave mirror. 

Ex. 4583.—Principal Focus. (1) Place the lens between the sun and 
screen. and obtain on the screen a clear image of the sun’s disk. When t 
screen is at such a distance from the lens that the image is the smallest possib 


this distance is the focal length of the lens, and the image is at the princig 
facus of the lens. 
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Measure the focal length. We shall always call it 7. 

If the sun is not available a globe lamp or flame at a distance of several 
metres may be used instead. 

(2) In the path of the light place a glass vessel, such as a bottle with paralle) 
sides, which is filled with water in which a very small amount of soap has been 
dissolved. The cone of hght formed by the lens will be then clearly seen. Move 
the lens about so that different parts of the cone become visible. 


The experiment shows that the light that passed through the 
lens took the form of a cone of which the base was the lens and the 
apex the image, as in fig. 313. 


Ex. 454.—Place a lamp having a translucent globe close behind a small hole 
in a screen, and place the lens on the other side of the screen and parallel to it, 
Make the distance from the hole to the lens = J. Then the patch of light formed 
on the wall of the room beyond will be of about the same size as the lens. 


Thus it is shown that parallel rays falling on a convex lens 
converge to the principal focus; and rays starting from the focus 
emerge from the lens as a parallel beam. 


290. FOCAL LENGTH AND POWER OF A CONVEX 
LENS. 

Ex. 455.—Hold two or more lenses opposite a window so as to get a clear 
image of the bars of the window on an opposite wall. 

Measure the distance from the lens to the wall. This will not be the focal 
length, but the relative magnitudes of the focal lengths will not be very different 
from the relative distances thus measured. 

Place the lenses in the order thus obtained, and examine the convexity of 
their surfaces. What is the connection between the convexity and the focal 
length ? 

The greater the convexity of the surface of a lens the smaller is its focal 
length and the greater is its power. 

What connection did you observe between the focal length and the size of the 
images formed by the lenses? 


Ex. 456. — To 
find the focal length 
and power of a con- 
vex lens. 

Referring to fig. 
315, on a sheet of 
paper rule 3 or 5 
parallel lines ss. 
Across these at right 
angles place a half 
lens; or cut a hole 
through the paper 
and support the lens. Vig. 315.—Convergence of Parallel Rays to a Focus by passage 
halfway through the through a Convex Lens 

(0 405 ) 22) 
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hole. Let the lines fall on the middle part of the lens. Look at the parallel lin 
from the other side F of the lens, with the eye nearly on a level with the paper. 
With a straight-edge draw on the paper the apparent continuations of tl 


lines. It is found that they converge to the same point F. 
Measure the distance of F from the centre of the lens. This is f, the foc 


length. Expressing f in metres, find the value of ; This is the power of tl 


lens measured in dioptres. 
View the system of lines from the side ss’ of the lens. The lines whi 


diverge from the point F appear to be parallel. 
he lines are the paths of rays of light which travel along them to the lens. 
Ex. 457.—Draw 3 or 5 convergent lines, as shown on the right-hand side 
fig. 316, and looking through the lens from the other side s in the same mann 
as in the previous ¢ 
periment, mark th 
apparent continuatio 
and find their poit 
of convergence, 1 
rays of light in th 
passage through the h 
have been made m 
convergent. Meas' 
the distance of § fr 
the centre of the ke 
Is this distance grea 
Fie. 316.—Virtual Focus or Jess than fi Vv 
the system of li 
from the other side of the lens. Again they appear straight. 
Ex. 458.—Draw 3 or 5 divergent lines. i.e. lines which are wider apart c 
to the lens than they are farther away from it; and in the same manner m 
out their apparent continuations on the other side of the lens. Probably ti 
continuation lines do not converge to a point, but in any case their diverge 
‘3 less than that of the lines whose continuations they appear to be. 


291. CONJUGATE FOCI OF A LENS. 


Fie, 317.—Conjugate Foci of a Convex Le} 


° 

Ex. 459,—Draw a long line on a sheet of paper, and on the line place & 
of a convex lens of short foeal length, so that the line is its principal axis. } 
the position of the lens and of its focus F (fig. 317) Fix a pomt s' oF 
PrINCIpar BAIS VE} 4 From s’ draw 8 or § divergent lines to the len 
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By the method of Exercise 456 find the point s to which the rays proceeding 
from s’ converge. 
View the lines from the other side of the lens: the effect is the same. 


Thus light proceeding from either one of the points s or s,, 
after passing through the lens converges to the other point. Such 
a pair of points are called conjugate foci. 
If an object be placed at s its image is formed at s,: if the 
, object be at S, its image is at S, 


292. FORMATION OF IMAGES BY A LENS. 


Ex. 460.—Place on the optical bench a bright object (see Exercise 426), 
a iens, and a screen, as in fig. 318. Keep the object fixed throughout the 


Sie atan Call the distances—lens to object u, 
lens to image V. 
a Find by trial which positions of the lens and screen give an image on the 
screen, and in which positions no image can be obtained. Note in each case 
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Fig. 318.—Image formed by a Convex Lens 


whether the image is real or virtual, erect or inverted, magnified or diminished. 
Then proceed as follows :— 

(2) Put the lens close to the object, and move the screen into various positions. 
If the distance wu is too small, no image can be got on the screen, but a patch of 
light is seen on the wall of the room beyond the screen. 

Remove the screen for a moment, and note the character of the image on the 
wall. Gradually increase the distance u during the remainder of the experiment, 
adjusting the screen as required. 

(3) When the distance wu is large enough to allow an image to be formed on 
the screen in its most distant measurable position, get a clear image, and read the 
values of wand v, Compare the state of affairs with fig. 320. 

Slightly increase u, and take another pair of values of wu and v. m 

Continue to increase w by short distances, and take readings of uw and v until 

the screen is off the measured scale. 
3 (4) Record the readings obtained; treat them as in the following example ; 
and make a graph for u, v. 
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Example.—(The measurements are in centimetres). 


Values of U2 ae SUD) 38h 25 2 5 21 2 
Valies SG iereepemerin hoe. b | 20 32. 
Values — = +: 1 | -0797 | 0798 | 0788 | 0787 | 0785 | 0783 0788 0789 
STITT TLL 1 1 
ooo The values or ae fc 
ed 7 each pair of renege’ is seed 
He constant. The mean is ‘07 8 
E the reciprocal of which nun 
fs i ber is 12°67. 
as The values of v and | 
a oe are set out in the graph (fi 
4 30 cs 319). The curve is ex 
sO. OF like that of fig. 292, aa 


what is said about that curt 
applies to this. The cur 
gives u = v = 255 = @ 
radius of curvature; # 
focal length is  therefo 
12°75, which is very neat 
the same as the 12°67 © 
tained above by calculatic 
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VALUES OF U —> Bete | 1 o 4 
Fig. 319.— Curve showing the Relation between the , -- P3 ~ 


Positions of Ohject and Image in a Convex Lens 


For the general rule 
signs, see Art. 301. 


293. SIZE OF IMAGE. 


Ex. 461.—Using the same apparatus as in the previous exercise, take a ser 
of observations of u and v, measuring on each occasion the height of the imag 
Distance of object from lens ‘ 
Distance of image from lens 
Take the mean of each set, and compare the ratios. 


and thus obtain several values of the ratios 
Height of object 


Height of image 
The sizes of object and image are in the ratio of their distances from the le 


294. GRAPHIC CONSTRUCTION SHOWING THE FO 
MATION OF IMAGES. . 


Ex. 462.—Referring to fig. 320, draw a section of a lens a’ and its princi 
axis, Draw ap representing the object, and mark ¥ the principal focns, Fe 
A draw two rays, 9 


3 


. 
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(1) The ray aa’ parallel to the principal axis, This ray is refracted by the 
lens so as to pass through YF. 
(2) The ray ao through the optical centr the len Phis ray pass n 
with its direction unchanved. 
These two rays intersect at a, and at that point nel ure of Al 
} 
u+ 
t 
Fig. 320.—Graphic Construction for the Image of an Object beyor Focal Lengt 
formed. A similar construction gives the point 6 as the image of The line ab 


cr ste ¢ 
Ulu « US 11mg 


is, therefore, the image of the line aB. If ab were the object, aB we 
Two cases arise, shown in figs. 320, 321. Make a drawing for each. 
(a) When the object is at a distance from the lens greater than 


length (fig. 320), the image is real and inverted. Show geometrically that tk 


Construction when the Object is within the Focal Leneth 


Fig. 321. 


relative sizes of object and image are in the ratio of their relative distances 
from the lens (Art. 293). 

(6) When the object is within the focal length of the lens, as in fig. 321, if 
the paths of the two rays proceeding from A be drawn as before, it will be found 
that the rays do not intersect on the side of the lens remote from A. The con- 
tinuations of their lines of direction intersect on the same side as A at a greater 


distance from the lens, The image is virtual, erect, and larger than the object, 


295. THE CONCAVE LENS. The econeave lens leads t 
results like those produced by a convex mirrot 
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Ex. 463,.—To find the focal length of a concave lens. 

Rule parallel lines on a sheet of paper, and across them place a half le 
or a whole lens in the manner described in Exercise 456, and shown in secti 
in fig. 322. Viewed from the point D, the parallel lines appear to conver; 


Fig. 322.— Virtual Focus of a Concave Lens 


towards some point F, and to diverge towards the eye. By means of a straigl 
edge mark the divergent lines on the side D. 

Remove the lens, and produce the lines to meet at F. Then F is the pn 
cipal focus of the lens. Measure the focal length /f. 


Ex. 464.—Find (by drawing to scale on millimetre paper) the focal leng 
of a concave lens with which the following experiment was made. Two paral 
lines were viewed through it, and the distances between their images measur 
Close to the lens the lines were 1°25 cm. apart; at a distance of 36 cm. fr 
the lens they were 2°8 cm. apart. 

Ex, 465.—To find conjugate foci of a concave lens. 

3 Draw a line Pp on a sh 

“G of paper to represent the pr 
cipal axis of the lens, pl 
the half lens across it 
in previous exercises, 4 
trace its outline. 

sciniaieae Mark F the principal fo 
in its proper position, so t 
ro = f (fig. 323). Fis 
point P on the principal a 


such that Po is greater # 


f. Draw two diverging hi 
PA, PR to the lens; and 
Fig. 323.—Conjugate Foci of a Concave Lens before obtain OG, EF # 
images. Remove the 1h 

and continue the lines Go, FE to meet im Pj. 
Then P and Pp, are conjugate foci. Light proceeding from either to the } 
proceeds after leaving the lens along lines which converge to the other po 
Ex. 466,.—Formation of Images. Draw a section of a concave lens © 


324), and its principal axis OF. Mark the principal focus F, Let AB repre 
the object From A draw two ravs. according to the instructions given in EF 
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cise 462, Then the ray drawn from 4 parallel to the axis of the lens appear 
an eye placed on the other side of the lens to proceed from the focus F. The ray 


proceeding from A through 0 intersects the dotted line which is the apparent path 
of the first ray, ab a, and there accordingly the 1mage*of A is formed. A similar 
construction gives 4 the image of B, and thus a@/, the image of AB, is obtained. 


wu 
v + | 
ee 


Fig. 324.—-Graphic Construction for the Image of an Object 


There is only one case to consider here. Images formed by concave lenses are 
virtual, upright, and smaller than the object. They are nearer to the lens than 
the object, and on the same side of it. 


Ex. 467.—To find the focal length of a concave lens by help of a convex lens. 

(1) Find the focal length (f) of the convex lens alone (Exercise 460). 

(2) Place the two lenses in contact, and find the focal length (f’) of the com- 
pound lens thus formed. The convex lens selected for use must be such that the 


compound lens is a converging lens. 
] 


Then if f” is the focal length of the concave lens, - =e - whence f” can 
f 
be calculated. The quantity f must have a negative sign. See Art, 301. 

Ex. 468.—To find the focal length of a convex mirror by the aid of a convex 
lens. : 

On the optical bench D| E Cc 
place in this order (fig. 
325) an evenly ilumi- 
nated light a, a perfor- 
ated screen B with cross 
wires, a convex lens 0, 
and a screen D; and a as as cu ac ee. ce «. 3 nips sh 
obtain on Da clear image 
of the cross wires. In- 
sert the convex mirror 
at #, and adjust its 
position until a clear image of the cross wires is formed on B, close beside the 


3 


Fig. 325.—Method of Determining the Focal Length of a 
Convex Mirroi 


cross wires themselves, - 

Then since the rays reflected from & have retraced their paths, they must hav: 
fallen normally on &; and these same rays, if they had not been reflected, would 
have converged to G. The point a is therefore the centre of curvature of the 
mirror, Measure this distance ea, 
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Example.—The following numbers were obtained in three experiments :— 


Distance be. Distance ce. Distance ea. 
LS ems * fae 185 .cm. SS 11°8 cm. 
20 ,, pin 68. ees 117 ,, 
1? 5 RI NES cose ok igs co eas 11s 


f 


if Mean value of r = 11'7 cm., and f = 5°85 cm. 


296. THE SIMPLE MICROSCOPE. — The magnifying glass 
or simple microscope is a converging lens used to produce an en- 
larged virtual image of an object. | 

Referring to fig. 321, the object AB is placed nearer to the Ise 
than its focal length; the eye is placed on 
the side F, and sees the enlarged image. | 


Ex. 469.—To determine the magnifying — 
of a simple microscope. 

Take a strip of newspaper EGFH (fig. 326), or 
similar object haying small details upon it. The 
width of the strip may be about half that of the 
lens. Fix it on white paper on a flat board. 

Place the lens on the strip. Raise the lens to the 
highest point at which clear vision of the details is 
obtained, and fix it there. The appearance is now 
that shown in fig. 326. Mark on the paper the points 
A, B, ©, D, so that AB and cp are the width of the 
strip as seen through the lens. 

Then the magnification produced under these 
circumstances is | 


Apparent width _ 4(aB + cD) 
G F ~ Real width = (eH + Gr) “ 
Fig. 326.—Magnifying Power 

of a Lens 297. TELESCOPES. 

Ex. 470.—(1) On an optical bench by means 
of a convex lens L (fig. 827) of fairly long focus (20 to 30 cm. is suitable) obtain 
a clearly defined image of a distant object on a translucent screen placed at A,B. 
On the other side of the screen place a lens 1’ of short focal length in such a 
position that an eye placed beyond it on the side F’ sees clearly the image on 
the screen. The distance between the screen and the lens 1’ must be less than 
the focal length of wv’. 

The screen may now be removed, and the eye looking along the axis of the 
two lenses sees a magnified inverted image a’B’ of the distant object. 

Such an arrangement of lenses is an astronomical telescope. The lens L ¥ 
called the object glass, and 1’ the eyepiece. 

(2) Replace the convex lens 1’ by a concave lens, and look through this eye 
piece as before. No image is seen in that position. Gradually move the eye 
piece towards the object glass until the image is seen, It is magnified 
upright. 

Fig. 328, which should be compared with fig. 327, illustrates the action of 
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lenses. The rays on their way to form the image A,B; are intercepted by the 
concave eyepiece 1’, and are changed from a converging into a diverging beam. 
Hence the image is seen at A’B’. 

Lenses are arranged in this way in the Galilean telescope, the opera glass, and 
the field glass. It is seen that the employment of a concave eyepiece makes the 
length of the instrument less than if a convex eyepiece were used. 


298. The photographic camera is a dark chamber or box (fig. 
329) having a converging lens B inserted into one side of it and 
a screen A on the opposite side. The lens forms an image of a 
distant object on the screen exactly as was done in Exercise 460. 
The lens B is mounted 
in a sliding tube so 
that its distance from 
A can be altered as 
desired. The object is 
generally large, and a 
long distance in front 
of B; the image is 
smaller, and inverted. 
The back of the camera 
A can be taken out. 
A screen of translucent 
glass is first placed at 
A, and by moving B in 
or out its distance from the screen is adjusted so that a clear image 
of the object is obtained on the screen, which is viewed from the 
back, the photographer standing at the back of the camera and 
covering it and his head in a black cloth. The glass screen is then 
rerioved, and in its place is put a photographic plate, i.e. a plate 
covered with a thin layer of a salt of silver. The light decomposes 
this salt more or less according to its intensity, which is different 
in different parts of the image, and thus leaves on the plate a per- 
manent image of the object. 


299. The magic lantern or optical lantern is illustrated in the 
diagram of fig. 330. Its object is to throw on a screen B an en 
lazged image of an object or picture (called a “slide”) A. 

The apparatus on the left-hand side of A in fig. 330 has for its 
main object to illuminate A as brightly as possible. A. brilliant 
light D is placed in a blackened box. Between D and A is a large 
converging lens B, called the condenser, which concentrates th 
Nght on to A. Sometimes a concave mirror F at the back of the boi 
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is also used to send back to A the light that has travelled towards 
the back of the box. But the condenser has also the function of 
causing the rays that pass through it and through the slide to 
follow such a path that takes them to a converging lens ©, called 
the objective or focusing lens, which is placed between the slide 
and the screen. This lens is fixed in a sliding tube so that its 


Fig. 380.—Diagram of an Optical Lantern 


distance from A can be altered. It forms on B an enlarged inverted 
image of A exactly as shown in fig. 320. 

There are various difficulties which render the use of simple 
lenses unsatisfactory. Both the condenser and the objective usually 
consist of a combination of lenses. 


300. THE EYE. —Fig. 331 shows in diagrammatic form a 
section of the eye from front to back. The eye is nearly a sphere. 
Most of the outer surface consists of a white opaque coat (the 
sclerotica). The front is transparent and consists of two lenses, the 
cornea outside, and behind the cornea, inside the eye, the crystalline 
lens. The space between the cornea and the crystalline lens is 
filled with a fluid called the aqueous humour, and the space behind 
the crystalline lens is filled with another fluid called the vitreous 
humour. Just in front of the crystalline lens is an opaque dia- 
phragm called the iris: this is the coloured part of the eye. 
Through the middle of the iris is an aperture called the pupil, by 
means of which light enters the eye. . 

The back of the eye is covered by a delicate coat called the 
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retina, which is provided with nerve fibres. The light that enters 
the pupil falls on the retina, and the effect on the nerves is to 
produce vision. 

The lens in front of the eye forms images of objects on the 
retina in exactly the same way as the lens of a camera forms an 
image on the sensitive plate at the back of the camera. 

Accommodation of the Eye.— The experiments with convex 
lenses showed that when the object was placed at different dis- 
tances on one side of the lens, the image was formed at different 
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Fig. 331.— Diagram showing the Chief Structures of the Eye 

distances on the other side of the lens, and unless the screen were 
placed in the proper position the image was blurred. Now the 
distance between the lens of the eye and the retina cannot be 
varied. Hence if the crystalline lens behaved like a glass lens we 
should only see objects clearly at one distance and all others would 
be blurred. 

But the crystalline lens is surrounded by muscles which are able 
to alter its shape and to make it more or less convex. By this 


means its focal length is altered to suit objects at different dis — 


tances, so*that the image is produced on the retina instead of 
behind it or in front of it. 

There is, however, a limit to this power of accommodation of 
the eye. An object placed very close to a normal eye, ie. the 
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eye of a person whose sight is good, cannot be distinctly seen. The 
least distance of distinct vision for most persons is 25 or 30 cm. 


Short Sight.—A person who is shortsighted cannot see distant | 


objects clearly. The image of a distant object is formed, not on the 
retina, but within the eye, a short distance in front of the retina. 

To remedy this defect he wears spectacles which consist of 
concave lenses. These render the rays of light less convergent, 
so that they come to a focus on the retina. 

Long Sight. 
objects distinctly. The image of such an object is formed at some 
distance behind the retina. The rays are not sufficiently converged 
by the lenses of the eye. To remedy this he wears spectacles con- 
sisting of convex lenses, which make the rays of light converge 
more, so that they fall on the retina. 


3or. GENERAL FORMULA FOR LENSES. — In- Exercise 
460 it was experimentally verified that a certain relation existed 
between the distances u, v, and f. But as was pointed out for 
spherical mirrors in Art. 278, in order that the formula may hold 
good for the different cases that arise, it is necessary to take into 
consideration the direction in which the rays of light are travelling, 
and to call one direction + and the other —. The rule for lenses 
is the same as that for mirrors. Distances measured in the direction 
from the lens towards the olject are +; those measured in the opposite 
direction are —. 

Thus in fig. 320, which represents the state of affairs in Exercise 


460, the distance wu is positive, v is —, and f is —. If we make 
these changes in the formula shown experimentally in Exercise 460 
to be correct, we have— z 
l 1 1 
+ = ’ 
— 2 U =f 
k 8 1 
~— = = 3% (A). 
oT ~ ae ¢ | ) 


This equation A is the general formula for lenses, which if the rule 
of signs be observed applies to all the cases considered above. 
Thus we have u: always +. 
f: — for convex lens, 
+ for concave lens; 

5, wt a> m+ when a eae ab image are both on the 

Kenny rel same side of the lens, 
— when they are on opposite sides. 
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Pemeples —(1) An object is placed 20 cm. from a convex lens, and the i image 
is then 60 cm. from the lens and on the other side of it. If the object be p 


10 cm. from the lens, where will the image be? 3 
In the first position (see fig. 320) ¥ 
eae ee | 3 

ag ; 

. See 3 

°* 69° oa 7 3 

whence f = —15 cm. E: 

In the second position ; 
Ete | aera | 5 

v 10 —15 q 

whence v = 30 cm. j 
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This is the case shown in fig. 321. The image is virtual. 
(2) An object is placed 22°5 cm. in front of a concave lens of 15 cm. focal 
length. Find the position of the image. 


This case is that shown in fig. 324. | 
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Ex. 471.—Misce,uangous Exercises.—(1) Draw the section of a double- 
convex lens; draw an arrow on one side of it, and show by geometrical construc- 
tion how an image of the arrow is formed on the opposite side of the lens. 

(2) Show by drawings how the image is affected when the arrow is caused 
approach the lens; and how a magnified i image may be obtained. [ 

(3) An arrow 12°5 cm. long is placed 20 cm. in front of a convex lens whose 
focal length is 75 cm. Find the length of the image by calculation and by —_ 
ing to scale. 

*4) On a sheet of paper placed vertically is written a capital L. If an observes 
stand 8 ft. in front of the paper, and hold a double-convex lens of 6 in. fe 
length halfway between his eye and the paper, he will see an image of the letter. 
Draw a picture of the image as seen, and state whether it is larger or smaller 
than the object. 

(5) A convex lens of 11 cm. focal length is held at a distance of 7°5 em, from 
a disk half an inch in diameter. Find the position and size of the image of the 
disk by a drawing to scale. 

(6) Distinguish between convex and concave lenses. How would you obta n 
an image of the sun by a convex lens? What is the relation between the foca 
length of the lens and the size of the image? a 

(7) A candle is placed at a fixed distance opposite a wall. A convex lens 
held between the candle and the wall, throws on the wall a well-defined » pnifie 
image of the candle flame when it-is 10 em. from the candle, and a well-definet 
diminished image when it is 110 em, from the candle, Find the focal length | 
the lens. < 
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(8) An object 3 in. high is placed at a distance of 6 ft. from a lens, and a real 
image is formed at a distance of 3 ft. from the lens. The object is then placed 
1 ft, from the lens, Where and of what height will the image be! 


CHAPTER XXXV 


The Spectrum 


302. DISPERSION OF LIGHT.—Previous experiments have 
shown that when a beam of light passes obliquely through a re- 
fracting substance, it undergoes deviation. It will also have been 
observed that in some cases coloured fringes were produced. The 
colours are shown most clearly by a prism. 

Ex. 472.—Hold a prism with its refracting edge vertical, and the eye close 
to one face. Look at various linear objects through the prism, such as— 

(i) A knitting needle held vertically between the prism and a window. 
(ii) A window bar, or blind cord. 
(iii) A lighted taper at some distance. 
Move the prism about a little, and slowly rotate it to a small extent until the 


clearest effect is obtained. 
What are the colours seen? In what order? 


The colours are shown more clearly in the following manner :— 


Ex. 473.—Place a strip of white paper about 2 mm. wide on a black ground 
and in such a position that a good light falls on the strip. 

Look at the strip through a prism held with its refracting edge parallel to 
the strip, so that the light incident on one face reaches the eye on emergence from 


the other face. 

Rotate the prism until the strip is seen clearly as a multicoloured band (fig. 
334, Continuous Spectrum) wider than the strip, in which it is not difficult to 
distinguish violet, blue, green, yellow, and red, This band is called a spectrum. 


Fig. 332 illustrates the process. In that illustration light from 
the sun is shown passing through a small hole in a shutter and 
falling on the prism P. Passing through the prism, the light falls on 
a screen VW, and on the screen appears the coloured band vr. The 
beam must therefore have been widened out and separated by the 
prism into the different rays that produce the different colours, 
The beam is said to have been dispersed. The rays that produce 
the different colours were all present, but intermingled, in the light 
that fell on the prism: the prism had the effect of deviating the 
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different rays by different amounts, and they left it therefore along 
different paths. 

Thus it is shown that a beam of ordinary white light consists of 
a number of rays that differ in some respect, with the result that 
different parts of the beam appear to us to have different colours. 
Moreover, on account of this difference in their nature, they 
undergo different amounts of refraction in passing through the 


Fig. 332.—Dispersion of Light by a Prism 


prism. Some are deviated more than others. Hence result sepa- 
ration and dispersion. 


Ex. 474.—Repeat Exercise 473 with strips of various colours, such as may 
be obtained from the petals of flowers. Note the differences between the spectra 
obtained from blue, red, and yellow strips, as.compared with the white strip. 


The experiment shows that light coming to us from such dif- 
ferent coloured objects contain the different rays mixed in different 
proportions. 


303. The spectra seen in the previous exercises are impure, that 
is the colours overlap. A purer spectrum may be obtained by the 
following method. 


Ex. 475.—(1) On an optical bench place a perforated screen A (fig. 333), and 
over the hole fix a piece of metal plate in which there has been sharply cut a slit 
about 1 cm. high, and not more than 1 mm. wide. The slit must be vertical. 

Behind the slit place a bright light B. Sunlight reflected from a mirror inte 
the slit, an incandescent gas mantle, or a gas flame placed edgewise are suitable. 

In front of the shit place a lens L and a receiving screen 8, and adjust them 
until a clear image of the slit is formed on the screen, 

On a stand near the lens place a prism ODE, with its refracting edge © 
vertical, so that the light falls on one of the faces of the prism. The light 
will he deviated Note in which direction Measure the distance from the 
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prin to 8s. Move the screen to the new position s’ to receive the spectrum, 
making the distance from the prism the same as before. Adjust the screen 
and prism until the image is sharply defined. 
Place the eye so as to receive the rays leaving the prism. The spectrum is 
seen to be much clearer and brighter than that obtained in Exercise 473. The 
colours overlap each other less. The narrower the slit, the leas is the ov erlapping. 


Fig. 333.—Arrangement to obtain a pure Spectrum 


Rotate the prism slightly on a vertical axis (without displacing it) first in one 
direction, then in the other. What are the changes in the length and appearance 
of the spectrum on the screen ? . 

Choose the position in which the image is sharpest and brightest: this is the 
position of minimum deviation. 

Examine the Spectrum (fig. 334, Continuous Spectrum; see frontispiece). 
Draw it, naming the colours. The colours present in white light are usually 
described as violet, indigo, blue, green, yellow, orange, red. Which coloured 
rays have undergone the most deviation? 

(2) Cut a narrow vertical slit in the screen s’, so as to let light through of one 
colour only. Behind the screen look at this sht through another prism. Ome 
one colour is seen. No further colour separation can be obtained. 

(3) Place various coloured glasses in front of the slit A, and for each record 
what colour has disappeared from the spectrum or been diminished in intensity. 
Some of the rays in white light have been cut off. Substances in the glass cause 
it to absorb certain rays. The spectra thus obtained are called absorption 
spectra. 

(4) If different sources of light are available, place them in turn behind the 
slit and observe the differences in the spectrum. A candle or a gas jet contain 
very few of the rays that produce violet: the arc light and sunlight are rich in 
these rays. 

(5) Use a Bunsen burner as the source. Note the dimness of the spectrum, 
Hold in the Bunsen flame a platinum wire that has been dipped in a strong 
solution of common salt. The spectrum consists only of a bright yellow line. 
The sodium contained in the salt gives out yellow light only. 


: 
4 


When the spectrum of the sun is formed with more elaborate 
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apparatus; black lines are seen crossing it as shown in fig. 33 
(The Sun). ; 

Fig. 334 (Sodium) shows the effect seen when salt is placed i 
the flame of a Bunsen burner. Other chemical substances giv 
bright lines of different colours. Thus besides the ordinary spectru 
of white light there are many other spectra. The difference b 
tween them show that different bodies give out light that differs 1 
character, rays being absent in one case that are present in anothe 


304. RECOMPOSITION OF THE RAYS. 


Ex. 476,.—With the arrangement of Exercise 475—(1) Place a large beak 
full of water in front of the receiving screen s’, so that all the rays fall on i 
When the right position has been obtained the spectrum disappears, and tl 
white slit reappears. The different rays have been refracted and made ‘to fé 
on the same spot, and their combination gives white light. : 

(2) Place a second prism beside the first in such a position as would produ 
deviation in the opposite direction. If the two prisms are exactly alike a scret 
placed in the original position s receives a white image of the slit. 

(3) By means of a narrow strip of cardboard placed between the prisms st 
some of the rays that have passed through the first prism. The image becom 
coloured, 


305. THE COLOUR DISK.—Exercise 476 has shown th 
the colours of the spectrum when combined form white light. 

This fact may be also demonstrat 
by the colour disk (fig. 335), T 
circle is divided into sectors on whi 
are painted the spectrum colours. T! 
sectors are of different widths. If ti 
widths are correctly proportioned 
represent the relative intensities of t 
different coloured lights, then wh 
the disk is rapidly rotated it appea 
white or grey. 

| age ® The impressions received by t 
Picts or ag eines Secieey eye remain on the retina for a she 
appears white period; and when the disk is in raz 

rotation, before the impression ma 

by the first sector has passed away the impressions of all the oth 
have been formed on the same spot. Hence the sensation is th 
which is aroused by the whole seven colours arriving at the sa 
time. That sensation is of white light. 4 


PART VII.-MAGNETISM AND 
ELECTRICITY 


CHAPTER XXXVI 


Properties of Magnets 


306. FORMS OF MAGNETS. — Examine severa] forms of 
magnets. All permanent magnets are made of steel. Fig. 336, a ° 
shows two bar magnets, They are 
usually kept in pairs with a strip 
of wood between them, and a piece 
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Fig. 336.—Forms of Magnets 


of soft iron called a keeper joining their ends. The ends are 
generally marked N and g (north and south poles), and the keeper 


connects a N pole and a g pole. 
(0405) 229 23 
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The shape shown in B is called a horseshoe magnet. Note th 
position of the N and s poles, which are joined by a keeper. ? 

The forms shown in C and D are called magnet needles. Th 
needle c is broad at the middle, where a cup is fixed so that th 
magnet may be supported on a sharp point. 

The form D is better for some experiments. It is a bar wit 
a cup in the middle so that it may be supported on a shar 
point; and at right angles to the magnet is a long thin pointe 
which is not a magnet, but is used merely to detect more easil 
the movements of the magnet. This form is usually enclosed i 
a small box, on the bottom of which is a circular protractor ¢ 
compass card round which the pointer moves. 


307. METHOD OF MAKING MAGNETS. — Many of tl 
elementary experiments in magnetism may be made with smé 
magnets made from knitting needles or pieces of steel spring, whi 
can be magnetized when they are wanted. There are two metho 
by which any piece of steel may be magnetized by a bar magnet. 


ee 


~ 


\ 


Fig. 337.—Magnetization by Single Touch 
G 


Ex. 479,.—-(a) By Single Touch. The rod of steel that is to be magneti 
is placed upon the table. A bar magnet is held by one end in the hand, 
the other end is drawn all along the steel rod (fig. 337). 

The magnet is then lifted up (take care that the rod does not cling to it) 
carried round through the air into the starting position, and the whole proces 
repeated twenty or thirty times. Only one end of the magnet is allowed to te 

the rod, and the magnet must alv 

Px he je oo ta be drawn along the rod in the s 

direction. The motion of the st 
ing end of the magnet is indic 
by the dotted lines and arrow 
fig. 337. 

Ex. 478.—(b) By Divide 
Separate Touch. Place the be 
Fig. 338.— Magnetization hy Divided Touch (fig, 338) that is to be magnetize 
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a table, and on it hold two bar magnets in the oblique position shown in fig. 338, 

with the N pole of one and the s pole of the other at the middle of the bar. Draw 

the magnets apart along the bar to its ends, raise them, bring them round in the 

direction of the dotted lines of the figure, and repeat the operation many times, 

The bar may be kept in position by a piece of wood pressed against each end. 
Turn the bar over and repeat the operation. It is then magnetized. 


308. RULES FOR THE USE AND KEEPING OF MAG- 
NETS. 

1. One magnet must never touch another. 

2. A magnet should be kept clean; gently handled; never 
dropped or knocked. 

3. Bar and horseshoe magnets when not in use should be 
kept with their keepers on, and arranged as shown in fig. 336, 
with the end marked N of one opposite the end marked s of the 


other. 
4. When making experiments with a magnet, see that no other 


magnet is near, unless it is being used in the experiment. 


309. CHARACTERISTIC PROPERTIES OF MAGNETS. 


Ex. 479.—(1) Place one end of a magnet in a heap of iron filings, and move 
it about among them. The filings cling to the end of the magnet (fig. 339). 
Repeat with the other end of the mag- 
net. 

Note that the filings adhere, and 
are not easy to remove, especially from 
the angles. 

Wipe them all off. 

Heap the filings on the middle of 
the magnet. What is the result? 

(2) Repeat the experiment with 
small fragments of other materials, 
such as copper filings, sand, sawdust, 
seraps of paper or glass. 

What is the result? 

(3) Repeat the experiment with the magnet separated from the iron filings 
by a sheet of glass, paper, brass, copper, tin, wood, lead, and iron. Does attraction 
take place in all these cases? 


Ex. 480.—(1) Support a magnet so that it is free to turn on its middle point, 
In the case of a bar magnet this may be done by hanging it on a stirrup (fig. 340) 
made of paper or wire, and suspended by a fine thread;! or by placing it on a 

* 

1In the case of a light magnet suspended by an ordinary piece of twisted thread the 
movements of the magnet may be interfered with by the torsion, i.e. the twist of the thread. 
The torsion may be partly got rid of by placing in the stirrup a piece of wood of about the 
same weight as the magnet and allowing the thread to uptwist, The best suspension is 
unspun silk, which has no torsion. 


Fig. 339.—Iron Filings attracted by the 
Poles of a Magnet 
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cork floating on water (fig. 341). A horseshoe magnet may be hung by a thres 
passing round its middle. 


| Suspend the various magné 
?, in turn in this way, and na 
that they all place themsely 
so that a line joining their en 
always points in the same dire 
tion. | 
Note the direction in whi 
the magnets set themselves. — 
(2) Repeat Exercises 479 | 
and 480 with an ordinary ir 
rod, and compare the behavic 
of the rod with that of the ms 
nets. 


These experiments sh« 
the distinctive properti 
of a magnet to be: 
aS [Seo (a) The ends attre 
= iron filings; 
iT — (b) The magnet wh 


Hitt ai = suspended places itself 


; ra re a certain direction whi 

Fig. 341 is always the same. T! 

Modes of supporting Magnets property is called orie 
tation. 


310. ORIENTATION. MAGNETIC POLES. 


Ex. 481.—Mark on the table a line which runs north and south. If t 
direction be unknown, it may generally be found by marking the line of - 
Shadow of a window bar or a thin upright rod cast by the sun at midday. $s 
a north-an@south line in any place is called the geographical meridian of t 
place. 

Place a suspended magnetic needle with its centre on this line. 

The needle points nearly north and south. In some parts of the work 
points exactly north and south. : 

Turn the needle slightly out of its direction, On releasing it what happe 
Turn it completely round. On releasing it what happens? 


There is thus a difference between the two ends of the magt 
One end turns towards the north, the other towards the sot 
The eads of a magnet are called poles. The end that turns 
wards the north is called a north-seeking pole, and is often mar 
N; the end that turns towards the south is called the sou 
pole, and is marked s. ° 
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[In dealing with magnets, it is often desirable to mark the poles 
if they are not already marked. ] 

The direction along which a suspended magnet sets itself at any 
place is called the magnetic meridian of that place. 

The angle between the magnetic meridian and the geographical 
meridian is called the magnetic declination. 

Ex. 482.—To measure the angle of declination. 

Having marked the true north-south line on a sheet of paper fastened to the 
table, place a magnet of the form shown in fig. 336D, with its centre over this line. 

Gently tap the stand of the magnet to see that the needle does not stick, and 
take care that the needle if uncovered is not disturbed by any draught of air. 

Then the line passing through the pointer is at right angles to the magnetic 
meridian. 

Mark this line (A) on the table, and removing the magnet draw a line B by 


means of a square at right angles to the line A. Then the line B marks the 
direction of the magnetic meridian. 


By a protractor measure the angle between the line B and the true north-south 
line. 


It will be seen that lines similar to those obtained above can 
be drawn through any point on the table or any point in the room. 
When we speak in a general way of the magnetic meridian at a 
place, we mean the direction in which any line runs that is drawn 
in the direction in which a magnet points. 


311. THE COMPASS.—A magnet mounted at the centre of 
a circular card on which angles are marked as in a protractor, and 
letters standing for north (Nn), south (S), &e., are marked on the 
‘diameters, is called a compass (fig. 342). 

By means of the compass, 
travellers in positions in which 
there is nothing to guide them 
can tell in which direction 
they are travelling. 


CRIP FIN LONDON 


eM uous 


Fig. 342 


Forms of Compass 
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Thus fig. 342 shows, in addition to the magnet needle, a movable 
hand not connected with the magnet. ‘Then if the compass box be 
placed so that the magnet points along the NS diameter, and the 
movable hand be turned so as to point along the traveller's road, 
the mark on the card to which the hand points tells him in which 
direction the road leads. 

A ship’s compass (fig. 343) is mounted in a box which is sup. 
ported on two pivots, and this box is similarly swung in anothe1 
box, the second line of support being at right angles to the first 
This device prevents the magnet from being jerked about as the 
ship rolls. 


312. ACTION BETWEEN MAGNET POLES. 


Ex. 483.—Mark (nN and 8) the poles of a, suspended magnetic needle ant 
of a bar magnet. 

(1) Towards one pole of the suspendet 
magnet needle slowly bring up one pole © 
the bar magnet, as shown in fig. 344, in 
direction sideways to the suspended magne’ 
Do not let the magnets touch each othe 
Note which poles you are bringing near eac 
other, and whether attraction or repulsio 
takes place between them. 

(2) Reverse the magnet in your han 
and repeat the operation, observing agai 
which poles repel and which attract. 

= (3) Repeat both operations on the othe 

Fig. 344.—Action of one Magnetic end of the suspended magnet. 

Pole on Another (4) Repeat all the above operations wit 
an unmagnetized bar of iron. Careful 
note the difference in the behaviour of the needle. Can repulsion be got? 


€ 


S re 
————__ © Ta 


The results of this experiment show that— 
The N pole of one magnet attracts the s pole of another magnet 


55 ” 9 ” N 5; ”” 9 
N ” 9 repels 49 ” 9 


Ss 93 33 3) Ss 39 bb] 9 


Or, unlike poles attract each other; like poles repel each other. 

Either pole of a magnet attracts either end of a bar of unma 
netized iron. This distinction is the test whether a bar of magnet 
material is or is not magnetized. 

Such effects can only be obtained with a few materials—ire 
steel, nickel, cobalt, and one or two others. Such substances 4 
called magnetic substances. The effects obtained with iron are 
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much greater than with any other substance, that iron is regarded 
as the magnetic substance. When a piece of magnetic material is 
actually magnetized so as to possess a N and a 8 pole, it is a 
magnet. 

It has already been shown in Exercises 190 and 276 that the 
magnetic force between two poles is mutual, and varies with 
the distance between them. 


Ex. 484,.—With the same arrangement as in the previous exercise— 

(1) Hold the bar magnet parallel to the needle in various positions, first with 
N opposite N, then with N opposite s. 

(2) Place two similar bar magnets one on the other, with a strip of thick 
paper between them, so that the N pole of one is on the 8 pole of the other. 
Present the ends of this combination to either pole of the needle. What is the 
result? Repeat in other positions. 

Explain the effects observed. 


313. TWO POLES INSEPARABLE. 


Ex. 485.—(1) Magnetize a knitting needle or a piece of steel watch spring. 
Test it by holding its ends near those of a suspended needle: mark its poles N and s. 
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Fig. 345.—Every Magnet has Two Poles 


Break it across the middle. Test both ends of both pieces as before, and 
mark the poles of each, 

Break each piece again anywhere not in the middle. Test both ends of each 
piece as before. 

The process may be continued. However small the pieces may be, the result 
is the same. . 

Take all the pieces and gum them end to end on to a small strip of card- 
board in any order, but with all the N-marked ends turned the same way. 

Test the rod thus re-made in the same manner as before. 

(2) Fill a test tube with unmagnetized steel (not iron) filings. , 

Present its ends to the poles of a suspended magnet, and see that the tube 
does not behave as a magnet. 

Treat the tube as the rod was treated in Exercise 477, and, without shaking it, 
test its magnetism. : 

Shake up the filings, and again test the magnetic condition of the tube, If 
the filings have been thoroughly mixed by the shaking no external magnetic effect 
is obtained, 


The conclusion drawn from these and similar experiments is 
that every particle or molecule of a magnet is separately mag- 
netized, so that every magnet consists of snillions of small magnets, 
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all having their similar poles turned in the same direction, as shown 
in the lower portion of fig. 345. 


CHAPTER XXXVII 


Magnetic Induction 


314. It has already been seen that magnets have an effect on | 
other magnets that are near them. 


Ex. 486.—(1) Place a heap of iron filings on a board, and hold vertically 
over them and very close to them an unmagnetized rod of soft iron. 

Bring up a bar magnet with one pole over and close to but not touching the 
iron rod (fig. 346). Note the behaviour of the filings. 

Rub the lower end of the rod about 
among the filings. What is the effect? 

To produce this effect what must now 
be the condition of the rod—magnetized 
or unmagnetized ? . 

(2) Remove the bar magnet, and knock 
the iron rod smartly with a mallet. Will 
it support the filings as before? 

What is now the condition of the rod? 

(3) Reverse the ends of the magnet 
and of the iron bar, and repeat the ex- 
periment. Is there any difference in the 
effects observed ! 

Ex. 487.—(1) At the side of a sus- 
pended magnet needle place a rod of soft 
(unmagnetized) iron in a position at right 
angles to the needle and in a line with 
the north pole, but a few centimetres from 
Fig. 846.—Soft Iron Temporarily Mag- _ jt, (fig. 347). What is the effect? 

eon Place a bar magnet sN in line with 


the iron rod, with its N pole towards the 
needle, as in fig. 347. What is now the effect? 


Reverse the iron rod end for end. What is the result? 

(2) Reverse the bar magnet. What is the effect on the pole of the needle? 
Reverse the iron rod. What change occurs? 

(3) Remove the bar magnet. What is the effect on the suspended needle ? 


Reverse ,the bar. Can you get repulsion of either pole of the suspended 
needle by means of the iron rod only ? 


What is the condition of the iron bar now ” ; : 
(4) According to the test given in Art, $12, what was the magnetic condition 


aig e the iron rod in case (1)? ri 
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Can anything certain be said about its magnetic condition in case (2)? 
Does the result of the removal of the magnet (case 3) help to decide what was 
the condition of the iron rod in case (2)? 


ON 
S$ s N ow 


Fig. 347.—Position of the Induced Poles 


(5) Repeat the experiments with the bar magnet touching the end of the iron 
rod; and compare the results with those previously obtained. 


The two preceding experiments show that when a bar of soft 
unmagnetized iron is placed near a magnet, or touching it, the iron ° 
bar itself becomes a magnet; and that when the bar magnet is 
taken away the iron bar ceases to be a magnet. 

In such eases the temporary magnetism of iron is said to be 
induced, and the process is called magnetic induction. 

Magnets made of steel when once magnetized remain magnetized 
for a long period under ordinary usage. Hence they are called per- 
manent magnets. The steel possesses a property called coercive 

force or retentivity which the soft iron does not possess. This 
result is due to changes which take place in the steel during its 
manufacture. A rod of steel can only retain a certain quantity 
of magnetism. When it has this quantity it is said to be saturated. 
Soft iron is only magnetized when it is under magnetic influence 
proceeding from something outside itself, as from a magnet or from 
an electric current (Art. 357). 

The experiments also show that the induced magnetism of the 
iron bar is such that its s pole is nearest to the N pole of the magnet. 


315. FURTHER EXPERIMENTS ON INDUCTION, 


Ex. 488,—Place some long thin iron nails on a table, with their heads down- 
wards and in contact. Bring the n pole of a bar magnet down upon their points. 
On raising the magnet, note the direction of the nails, 

What is the magnetic condition of the nails? ,Why do they hang in the 
directions which they actually take up? 


- 
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Bring up ‘the heads of the nails near to the N pole of a suspended magnet. 
Which end of the nails is the Nn pole? 
Repeat the operation with the s pole of the bar magnet. 


Ex. 489.—Support several pieces of iron from 
a magnet pole, as shown in fig. 348. 

Find out which kind of pole is at the bottom. 
Bring up near to the bottom of the chain of pieces 
a pole of the opposite kind. Place it first directly 
underneath and then a little to one side. In the latter 
case the chain becomes curved. The induced mag- 
netism has been strengthened by the second magnet. 

Bring up a pole of the same kind. The pieces of 
iron fall off because the magnet pole thus brought up 
has induced in the pieces magnetism in the opposite 
direction to that produced by the original supporting Fig. 348.—Induced Mag- 
magnet; and the two opposite polarities thus induced netism producing Further 
destroy one another. Induction 


A strong magnet may in this way reverse the polarity of a weak 
one. 


Ex. 490.—(1) Place a magnetic needle on its stand, and allow its N pole 
to project a short distance through a hole in a piece of cardboard, so that the 
end of the magnet cannot move far. 

Bring up towards this N pole, the N pole of a strongly magnetized bar magnet 
The n pole of the needle is repelled. Move the bar magnet up closer to it. A’ 
a certain distance the pole of the needle marked N is attracted. What must b 
its condition for this to occur? 

(2) Remove the bar magnet and the card, and allow the needle to take up it 
position free from any influence. 

What does its return to that position show ! 

(3) Now place the bar magnet horizontally a few centimetres above th 
needle, and in the magnetic meridian, with its N pole pointing towards th 
north. 

What is the effect on the needle? Rotate the bar magnet very slowly in 
horizontal plane. What is the action of the needle? Why does it behave 1 
this way? 


316. MAGNETIC FIELDS.—It has been shown that a magne 
is able to affect other magnets and soft iron placed at some distane 
There is then round a magnet a space within which its influence | 
felt: this space is called a magnetic field. 

Certain facts concerning magnetic fields may be learned t 
observing iron filings placed in the field. 

Ex. 491.—Place a bar magnet on a table so that its length is in the magne’ 
meridian. and cover it with a sheet of thin glass, tin, or smooth card boat 


The sheet should be supported at the sides if necessary, so that it is quite he 


zontal, 
_ 
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From a pepper-box or similar arrangement sprinkle a small quantity of iron 
filings evenly over the sheet, and gently tap 
it. The filings will set themselves in curves, 
like those shown in fig. 349. Examine the 
curves, and draw them. 


The filings are moved into the ‘nema 4 
places they occupy by force. Since | NS Zs 
this force is produced by a magnet 3 URiNy, Wass e 
ey as called magnetic force. The fil- Fig. 349.— Magnetic Field of a Bar 
ings show that this force acts not in Magnet 


some one fixed direction but along 

certain curved lines. The lines are called magnetic lines of force. 
The experiments must necessarily be done on a horizontal sur- 
face, but the lines of force are exactly the same in all planes 
round the magnet. Were the force of gravity suspended so that 
the filings did not fall, they would take up exactly the same posi- 
tions if the card were vertical or placed at any angle to the 
horizontal. 

The magnetic field of a magnet, then, is full of lines of magneti¢ 
force which occupy the space around it. The lines of force are, of 
course, themselves invisible. The lines of filings indicate how they 
run, radiating out in all directions from one pole, and passing along 
curved paths to the other pole of the magnet. 


Ex. 492.—Place a horseshoe magnet on the table, and obtain its lines of 
force as in the previous experiment (fig. 350). Compare 
them with the curves obtained 
in the previous experiment. 


Ex. 493.—Fix a magnet 
vertical with the sheet of card- 
board resting on the end of it. 
The filings show clearly the 
lines of force passing outwards 
from the pole in all directions ge A os 
(fig. 351). Lyiy ae : 

Ex. 494,—-Place two bar ei pth 
magnets on the table in a line, n ; 
with the N pole of one ad- ea hom a Reve 
Vig. 350.—Field of a jacent to and at a distance of poje -f 
Horse-shoe Magnet 10 or 15 cm, from the s pole 

of the other. + 
Obtain and make a sketch of the lines of force between these two poles, 
Compare with fig. 349, 


RS 
Bee seus 


ae 


Ex. 495.—Proceeding in the same manner “as in the preceding exercise, 
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obtain the lines of force between two like 
poles both n or both s (fig. 352). 


The lines obtained with two 
like poles are in striking contrast 
m= with those obtained between two 
Ayit“See unlike poles. 


PBN NENA ' 
AI ees PNG ZRERANS SoS With unlike poles, the lines are 
CARG AY RA Rig AE ETIU UND Rae oe 3 
SEZ PGE MECN in the form of curves running from 
Fig. 352.—Field of Force between Two one pole to the other. 
Similar Poles With like poles, the curves do 


not run from one pole to the other. 
Each pole sends out its own lines of force, and each set behaves 
as though it repelled and was repelled by the other set. The filings — 
turn off in a direction towards a line making 
a right angle with the line joining the poles. 


317. TRACING LINES OF FORCE BY 
A SMALL COMPASS NEEDLE.—Lines of 
force may be more accurately traced out by 


a very small compass needle contained in a 
box (fig. 353). 


Ex. 496.—To find the position of the poles of a magnet. 

Place on a sheet of paper a bar magnet and a small compass needle in the 
position shown in fig. 354, and mark the out- 
line of the magnet on the paper. 

Rotate the paper until the compass needle 
A is in the magnetic meridian; then mark its 
line of direction on the paper by the two dots 
B, A. Then. the line BA points to the pole N, 
Repeat the operation with the compass 


‘ needle in several positions round the pole WN, 

B and obtain several lines pointing to N. Pro- 
Fig. 354.—Determination of the duce them until they intersect on the paper. 
Position of a Magnet Pole The intersecting region is the position of the 


pole. It is not a point. 
In a similar manner find the position of the s pole of the bar magnet. 
Mark the positions of the poles on the paper. 


Ex. 497.—To find the equatorial line of a magnet. 

Use the same sheet ef paper with the same magnets as in the last experi- 
ment. Place the bar magnet in the magnetic meridian and the compass needle 
close beside. it near its middle. Find a position of the needle in which it is 
exactly parallel to the bar. Mark on the paper the position of the centre of the 
needle, | 

Repeat this operation at three or four points on each side of the bar. Remove 
the bar and the needle. : 
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Then you have found a number of positions in which the direction of the 
compass needle is unaffected by the bar magnet. 

Join the points thus obtained. 

Tf the bar is uniformly magnetized the line thus drawn will bisect at right 
angles the line drawn joining the poles. It is the equator of the magnet. 


Ex. 498.—To map the lines of force between two magnetic poles. 
Place two magnets on a sheet of paper in a line, with a space of 12 or 15 cm, 
between the N pole of one and the s pole of the other. 


Fig. 355.—Mapping a Magnetic Field e 


Place the compass needle near one pole. Rotate the paper until the needle 
1s in the magnetic meridian, and mark the positions of its poles AB (fig. 355). 
Move the compass needle on a step so that one pole is at B and the other at c. 
In this way trace out the complete line NaBos. 

Map out*several lines, as in fig. 355. 


Ex. 499.—By means of iron filings demonstrate the lines of force in the 
following cases :— 

(1) Two bar magnets, one at right angles to the other. 

(2) A piece of steel which has been magnetized and then rubbed by a 
magnet at two or three points. At these points there are consequent poles, 
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Ex. 500.—Demonstrate by filings the lines of force of a horseshoe magnet 
with the keeper (1) on, (2) near but not on, (3) farther away. Compare the 
figures obtained with fig. 350. 


This experiment shows that when iron is present in a magnetic 
field the lines of force crowd through it, leaving the surrounding 
space almost without them. 
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CHAPTER XXXVIII 


The Earth as a Magnet 


319. CAUSE OF THE ORIENTATION OF MAGNETS.— 
In Exercises 496 to 498 it was necessary, in order to obtain a good 
result, to place the compass needle always in the magnetic meridian. 
We will examine the result that follows when this precaution is 


22 ee neglected. 
2a ag Ex. 501.—On a sheet of paper place a 
Lt bar magnet about at right angles to the mag- 
| ae ET netic meridian. Trace out one of its more 
distant lines of force with a small needle as 
Fig. 356.—A Line of ForceinaCom- _ in the previous exercises, but keep the paper 
pound Magnetic Field always fixed in the same position. The curve 


will be found to be distorted, as in fig. 356. 
This distortion is produced by the presence of another magnet—the earth. 


Ex. 502.—(1) Place some small magnet needles on a table. Bring near 
them a bar magnet. Note the disturbance of their directions. 
« (2) On a table place a bar magnet in any position. On it near its centre 
place a magnetic needle. The needle places itself nearly parallel to the bat 
magnet. Try various positions. 


As suggested by the last experiment, the reason why magnets 
suspended so as to move only in a horizontal plane set themselves 
in the magnetic meridian is that 
they are then placing themselves 
parallel to another larger mag 
net. The earth behaves as 
though it had a large magnet it 
its interior, round which there 
is a large magnetic field whicl 
affects all the magnets and mag 
netic substances with which wi 
deal. The cause of the earth’ 
magnetism is not certainl; 
known, but the supposition of | 
large interior magnet helps t 


on 
As 


a, 
- SARS 
= ~ 


Fig. 357.—Magnetic Lines of Force round 
' the Earth understand the results. 


Thus the circle in fig. 35 
may be regarded as a section of the earth passing through thi 
supposed magnet. ; 

The figure shows thet the lines of force cut the surface of th 
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earth in different directions at different parts. At the magnetic 
equator they are parallel to the surface; at the magnetic poles they 
are perpendicular to the surface, 
and at intermediate points they 
are inclined to the earth’s surface 
at different angles. 

If a magnet be suspended so as 
to be quite free to move in any 
direction it puts itself along the 
line of force at the place where 
the magnet happens to be. The 
magnet does not move as a whole. 


320. MAGNETIC INCLINA- 
TION. 


©x. 503.—Fig. 358 shows a needle 
supported so that it rotates not in a hori- 
zontal but in a vertical plane. Such a 
needle is called a dip needle. 

Set the needle carefully, so that the 
plane in which it swings—that is, the plane 
of the graduated arc—is in the magnetic 
meridian. Then the needle sets itself 
actually along one of the earth’s lines of 
force. A reference to fig. 357 shows that for most parts of the earth’s surface 
this direction is neither horizontal nor vertical. Read the angle which the needle 
makes with the horizontal; this is (approximately) the magnetic inclination or 
angle of dip for the place where the 
observation is made. 

The result will be more accurate if 
the needle is taken out, remagnetized 
with its poles reversed, mounted again, 
and another reading taken. The mean 
of the two readings is free from error 
that may be caused by the axle not 
being in the middle of the magnet. 


321. ASTATIC COMBIN- 
ATION OF MAGNETS. 


Ex. 504.—Place two knitting 
needles side by side, and magnetize ig. 359,—An Astatic Combination of Magnets 
them both at the same time. 

Gum their middle parts to a piece 
of paper, so that the two magnets are parallel, with the N pole of one under the 
s pole of the other (fig. 359). Support the paper by a thread, 

Such an arrangement is called an astatic cembination or astatic magnetic 


Fig. 358.—A Dip Needle 


Pad 
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needle, because if the magnets were exactly alike the combination when suspende 
would show no orientation, but would remain in equilibrium in any direction. 

Test it to see whether this is the case. 

Practically it is certain that there is a slight difference between the magnets 
so that the combination does set itself in the magnetic meridian. 

Bring up a weak bar magnet towards the astatic needle. It is deflected whe 
the bar magnet is at a considerable distance, that is, the needle is sensitive. 
slight magnetic force causes it to deflect from its position of equilibrium. 


Ex. 505.—Miscellaneous Examples. 

(1) A horseshoe magnet is brought near a small magnet needle. State hov 
the needle is affected when the horseshoe is held in various positions. 

What would be the effect of putting a keeper on the magnet? Why? 

(2) A horseshoe magnet is floated on a large cork on water. How will i 
place itself? why? 

(3) A rod of soft iron is held near a bar magnet in various positions. Stat 
with diagrams what is its magnetic condition in each position. 

(4) The same rod is held in different positions under the influence of th 
earth’s magnetism only. Show by the help of the previous exercise what is it 
magnetic condition in the various positions. 

(5) Magnetize a short needle, suspend it by a thread at its centre. Pass i 
along over a bar magnet placed a few centimetres below it, and note the dip o 
the needle at different places; note also which end dips. 

(6) A tall iron mast is situated a little in front of the compass on a woodel 
ship. Explain the nature of the compass error when the ship is sailing in ai 
easterly direction— 


(i) in the northern hemisphere. 
(ii) in the southern hemisphere. 


(7) How would you, by means of a suspended magnet whose poles are un 
marked, determine— 
(i) the magnetic meridian? 
(ii) in which direction north lies? 


(8) Place a bar magnet so as to deflect a compass needle, and note the deflec 
tion. Place a bar of soft iron beside the bar magnet. How is the deflectio 
altered? Why? 

(9) Magnetize a piece of steel watch spring; bend it so that its poles are i 
contact. Examine the effect of this magnet on a compass needle. 

(10) Magnetize a steel knitting needle; break it into two equal parts, am 
mark the poles. Place the pieces on a cork at right angles to each other, an 
float the cork on water. How does the arrangement set itself with regard to th 
magnetic meridian? Why? 

(11) Set up a dip needle in the magnetic meridian. Hold over it a rod of sof 
iron in a vertical position. What is the effect on the dip? Why? 

(12) Place the dip needle so that the plane of the graduated arc (fig. 358) i 
not in the magnetic meridian. Rotate the stand of the instrument, and note hot 
the dip of che needle changes. 

Mark accurately on the table the direction of the graduated arc when the di 
is least, and when it is greatest. What are the relative positions of these tw 
lines? When the needle is vertical what is the direction of the plane in which i 
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swings with reference to the magnetic meridian? When the dip is least, in what 
plane is the needle? 

(13) Draw a right-angled triangle the hypotenuse of which makes with the 
horizontal side an angle equal to the angle of dip. Then, calling the hypotenuse 
1, the vertical side v, and the horizontal side H, measure and record the lengths 
of these lines. 

The numbers represent the relative values of the total intensity (1), the vertical 
component (v), and the horizontal component (H) of the earth’s magnetic field 
(Article 130) at the place where the dip was measured. 


CHAPTER XXXIX 


Magnetic Measurements 


The exercises contained in this chapter are of a less elementary character 


322. THE METHOD OF OSCILLATION.—It has already 
- been noticed that magnets oscillate when they are placed in the 
magnetic field produced by another 
magnet. Such oscillations are per- 
formed according to laws which are 
in the main the same as those of 
the pendulum. Fig. 360 shows a 
magnet mounted so that its vibra- 
tions may be conveniently studied. 
The magnet is suspended in a 
stirrup at the end of a long thin 
torsionless thread inside a_ box, 
along the bottom of which is drawn 
a line of reference. 

Such a vibration magnetometer 
is easily made. 


Fig. 360.—A Vibration Magnetometer 


Ex. 506.—To determine the circum- 
stances that influence the time of vibration 
of a magnet: (1) Place a bar magnet (A) in the stirrup, and turn the magneto- 
meter so that the central line of the magnet is exactly over the reference line 
beneath it on the box. 

Set a in vibration by bringing up another magnet (B) for a moment near to 
one of its poles. Remove B far away. . 

- Find the time of vibration of a by the method of Art. 158, Call it t,. 

(2} Place a brass weight on each end of A, and again determine its period. 
Call it t The value of t, will vary according to the amount of the added masses 
and their position, Remove the weights. . 

(0 4065 ) 24 
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The difference between ¢, and ¢, shows that the time of vibratio 
depends on the amount of the swinging mass, and how that mas 
is arranged round the central supporting fibre. This is expresse 
by saying that the period depends on the moment of inertia of th 
oscillating bar. 


(3) In:the two previous experiments A was oscillating in the same magn 


field—that due to the earth. 

Again set A oscillating, and place the magnet B on the table near to, parall 
to, and in the opposite direction to A. The field of B is now added to that of tl 
earth, so that A is swinging in a stronger field. Find its time of vibration (ts). 


The difference between ¢, and ¢, shows that a magnet vibrat 
quicker in a stronger field and slower in a weaker field. 

(4) Remove A from the stirrup and weaken its magnetism. This may be do 
after the method of Exercise 477 by drawing magnet B a few times along A 


the opposite direction to that shown in fig. 337. 
Replace a in the stirrup and again find its time of vibration (¢,) in the eartl 


field only. 


The difference between ¢, and ¢, shows that the period depen 
on the strength of the magnetization of the magnet. The distan 
between its poles also enters into the matter. Call the strength 
each pole m, and let the distance between them be /, then m x 1 
called the magnetic moment of the magnet (usually written 1 
It is the magnetic moment of the magnet that we have to consid 
here. 

It is thus shown that the period of vibration of a magr 
depends on— 

(a) its moment of inertia (K), 
(b) its magnetic moment (™), 
(c) the strength of the magnetic field in which it vibrates ( 


An investigation which we cannot give here shows that if 
the time of a single swing, then— 


Nz 
[ = ‘ 
MH 


We can only make some experiments to illustrate this formula. 


Ex. 507.—To compare the strengths of magnetic fields (horizontal © 
ponent)... 

Fields of varying strengths may be made by arranging one or more 
magnets in different positions near the magnetometer. As the magnetom 
magnet swings in a horizontal plane, only the horizontal component of the fi 
in the field affects it. 


oe ae 
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With the magnet in the chosen position in the first field find ¢,. Call the 
horizontal component of the field ¥,. 
With the magnet in the second field of Strength H, find 4. 


Then Hy, : Hy :: t" ; ¢,2 


Thus the ratio between H, and H, is known. 


Ex. 508.—To compare the strength of the earth’s field with that of a bar 
magnet in a certain position. 

The method is to make the two observations of Exercise 506 (1) and Exercise 
506 (3). 

Then ¢, is the time of vibration of magnet A in the earth’s field; and ¢, is its 
time of vibration in the field due to the earth and magnet B together. Then 
if H is the strength of the earth’s field, and H, the strength of field due to the 
magnet B, we have— 

H: H, + H:: (ts)? : (¢,)? 
or H : H, 22 (ts)? : (4)? — (4)? 


Ex. 509.—To compare the strengths of the poles of two magnets, 

Take two magnets (4 and B) exactly alike in mass and dimensions, but one 
magnetized more strongly than the other. Call the strengths of their poles m, 
and m.:, and since their lengths are the same m,: m, :: M,: Mg. 

Place a and B in turn in the magnetometer and find their times of vibration 
t, and t,. 

Then m, : mq :: t" : t,2, 
The magnetometer must be in the same field in both cases. The stronger 
Magnet vibrates more quickly than the weaker one. 

Tf the lengths of the magnets are not the same then this experiment gives, not 
the ratio between the strengths of the poles, but the ratio 
between the magnetic moments sf, and Mp. 


323. For some purposes it is desirable that the 
vibrating magnet should be small and light, as in 
fig. 361, which shows the vibrating magnet sup- 
ported by a thin fibre, and connected by another 
fibre to a weight underneath it, which helps to 
keep it from swinging to and fro as a whole, and 
makes the vibrations slower. 


Ex. 510.—To find the distribution of magnetism in a 
bar magnet. 

Note which side of the room is north, and therefore 
which end of the vibrating magnet is the north pole. The 
vibrator must be kept in the magnetic meridian throughout 
the experiment. 

Find the number of vibrations made by the vibrator Fig. 361.—A Vibra. 
(fig. 361) in one minute in the earth’s field only. Call the tion Magnetometer 
number x, 

Place a bar magnet vertical on the north side of the vibrator so that the 
jouth pole of the bar magnet is near to and opposite thenorth pole of the vibrator. 
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The field in which the vibrator is now placed is that produced by the additi 
of the earth’s field, and that due to the bar magnet in the position chosen. 

Find the number of vibrations made by the vibrator in one minute in # 
field. Suppose it is %. 

Then n,2 — x2 is proportion 
position. 

Lower the bar magnet by 1 cm., an 
one minute (7). 

Then n,? — x represents the effech due to the bar magnet in this seco 
position. 

Continue to lower the bar magnet in steps of 1 cm., and take similar obser 
tions until the centre of the bar is reached. Tabulate the numbers. 


al to the effect due to the bar alone in tl 


d again find the number of vibrations 


Distance of Vibrator from Strength of Field due / 
End of Bar Magnet. to Bar Magnet. 
| ng—a 
cm, ns? — x” 


Make a graph of the numbers obtained. The curve shows the distribu 
along the bar of the magnetism which produces its external field. 
Note that it is greatest near the end, and falls to nothing at the middle, 
as the graph is not a straight line the fall is not proportional to the distance f 
. 


the pole. 
324. THE METHOD OF DEFLECTION.—In some meas! 
ments not the time of vibration but the deflection of the magne 


Fig. 362.—Deflection Magnetometer 


observed, and when this is the case a deflection magnetomete 
used. Fig. 362 shows a simple form. The magnet is short, 
generally carries a long pointer moving over a circular scal 
degrees. Two long arms bearing millimetre scales pass out att 
angles to two sides of the box. 

The compass box shown in fig. 336 D, placed on a millin 
scale; constitutes such a magnetometer. 

Ex. 511.—To compare the magnetic moments of two magnets. ; 

(1) Place the magnetometer so that the two arms are at right angles t 
magnetic meridian, and tiote the zero position of the magnetometer needle 
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Call the two magnets A (moment M,) and B (moment ™,). Place one on each 
arm at different distances, with their north poles turned towards the needle. 
Adjust the positions of A and B until the magnetometer needle stands in its zero 
position, so that it is not affected by a and B, Let the distance of the centre 
of A from the centre of the magnetometer needle be d,, and the corresponding 
distance for B be d,; Record d, and d;. Reverse the direction of both magnets, 
and again take d, and ds, as close as possible to the previous distances, Inter- 
change the two magnets and take both observations again with as nearly as 
possible the same values of d; and ds. 

This gives four values of d, and of d;. Take the mean of each set. 


Then My : Mz :: (d,)° : (d3)* 


The whole set of observations may be repeated for other distances. 


The ratio given above is only approximate; a more exact result 
is obtained by using the result arrived at in Art. 325. 


(2) Using the same two magnets as before, remove B far away, put A’on one 
arm with its centre at distance d from the centre of the needle: the magnet is 
deflected ; read the deflection. Changing the direction and side of A as indicated 
in the previous exercise, but keeping the distance d the same, get four deflections 
and take their mean ; suppose it is Q°. 

Repeat the observations with magnet B at the same distance d, and obtain the 


mean deflection R°. 
Then MM, : : tan Q: tan R. 


For the reason of this see Art. 143, where K represents the deflecting, force of 
the bar magnet, and E represents the restoring force due to the earth’s magnetism 

The experiment may be repeated at a different distance, 

Compare the result with that obtained by the different method above. 


The strength of magnetic fields may also be compared by means 
of the deflection magnetometer. 


Ex. 512,—To compare the strength of two magnetic fields H; and Hy. * 

Place the magnetometer in the desired position in field H,, so thet its needle 
(or pointer) is at zero on the scale. 

Place a magnet (A) on one of the arms at a distance d, and read the deflec- 
tion Q°. 

Repeat the experiment in field Hy using the same ee (A) at the same 
distance d, and read the deflection R’, at | 
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325. THE LAW OF INVERSE SQUARES.—The force of 
attraction or repulsion between two magnet poles of strengths ge), 4) 
and m! at a distance apattequal toy DS wee 
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The law of distance can be approximately verified by the deflection 


magnetometer. 
ps “eee Let ns (fig. 363) represent th 
' short magnetometer needle, anc 
a, eae Awe eieat Roly ae Ns the bar magnet, as set up fo 
Fig. 368 Exercise 511 (2). Then assumin; 
the above law to be true— 
1 
the repulsion between N and = a1 
1 
the attraction between s and 7 * ree ye? 


; 1 1 

= 1 = 

and the result of these two reactions = mm { @—l?~ @+ 0p 

The attraction of N on s, and the repulsion of S on s double th 
result, so that the total force exercised by NS on ms 


oe mint og a ~ ak 


but this is equal to H tan Q where H is the strength of the earth 

horizontal field and Q° is the deflection of the magnetometer need] 
Hence, omitting the constant quantities m, m', and H, we have— 

4dl _— 

(@— 2) 

Ex. 513.—(1) Take a set of observations as indicated above with the defile 

tion ee Measure d and J, and read q; and calculate the value 

Adl 
(2 — (@ — 13)? = 
different valxes of @ are obtained. Calculate the value of the above expressi 


for each pair. 
If the results are approximately constant, the experiment approximately verif 


is proportional to tan Q. 
tan. Using the same deflecting magnet, with different values of 


the law f o 5 given above. 


(2) If the bar magnet is very long and the vibrating magnet very short t 
law of inverse squares may also be approximately verified by the method a 
apparatus of Exercise 510. 

Take a similar series of observations to those in that exercise, but instead 
moving the bar magnet vertically, move it horizontally away from the vibrator, 
as to keep the centre of the vibrator and the south pole of the bar magnet alws 
in the same horizontal line. 

Compare the successive values of (n?—<2")d®. If they are constant it indica 
that the force between the needle and the south pole of the bar magnet falls 
proportionately to the squaré of the distance. 
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CHAPTER XL 


Electrification by Friction 
326. ATTRACTION BETWEEN RUBBED BODIES.—Elec- 


trical effects are numerous, and some of these effects may be pro- 
duced in various ways. One of the main distinctions that arise 
from experiments is between electricity that appears to us to be 
stationary and electricity in motion in the form of a current. As 
in elementary practice the former is usually developed by friction, 
it is customary to deal with frictional electricity separately from 
current electricity. 
The materials used in these experiments must be warm and dry. 


Ex 514.—(1) Rub a stick of sealing wax on 
flannel, and hold the rubbed end of the stick near 
fragments of paper, feathers, pith, gold leaf, or similar 
light material (fig. 364). 

Note the effect on the 
light bodies. 

(2) Repeat the experi- 
ment with rods of resin, 
shellac, sulphur, and ebonite 
that have been rubbed on 
flannel or fur, such as cat- 
skin, and also with a rod of 
glass that has been rubbed 
on silk. (The silk is better 
undyed.) 

(3) Hold the rubbed end 
of the rod near a loose part 
of someone’s hair. ° 


Fig. 364.—An Electrified Rod attracting Light Bodies 
= 


In these experiments the light bodies near the rod are attracted 
by and move towards the rubbed rod. 


Ex. 515.—Hold the rubbed end of a rod about 1 mm. from the bent knuckle 
of one of your fingers. 

Note the crackling sound and the small spark. 

Ex. 516.—(1) Draw a piece of warm white silk ribbon between the folds of 
a warm sheet of indiarubber, and quickly place the ribbon loosely against the 
wall of a room. It will stick to the wall for a time. 

(2) Warm a sheet of clean brown paper, place it on a dry board, and rub it 
with a sheet of indiarubber or a brush. The sheet may then be lifted off by two 
corners and laid flat on a wall. It will generally stay in that position for some 
time. ~ 
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Ex. 517.—(1) Balance a light wooden lath on a suitable glass support, such 
as a watch glass, the spherical bottom of an inverted flask (fig. 365), or the side 
of an ordinary flask. 

Hold one end of a rod that has been rubbed as in the previous experiments 
near to but not touching one end of the lath, and at the side of the lath. a 

By withdrawing the rod before the attracted lath, the latter may be caused to 
rotate round its point of support. | 

(2) Place the rubbed end of the rod in a beaker or flask, and see whether 
the attraction takes place through the glass. . 

Interpose a sheet of paper or a thin layer of any convenient material. Does 
the attraction take place through the material? | 


Fig. 365 Fig. 366 
Attraction between Electrified Bodies 


Ex. 518.—(1) By means of thin cotton or silk suspend a stirrup of stot 
wire (fig. 366). 
Rub one of the rods and suspend it in the stirrup. Hold the knuckle neé 
the rubbed end of the rod. Is the rod attracted! 
© Hold various objects near the suspended rod. Is the rod attracted ? 
(2) Repeat the experiment with the different rods rubbed as before. 


The preceding Exercises 514 to 518 show that certain mi 
terials when rubbed with other suitable material acquire the pm 
perty of attracting bodies. Such bodies are said to be electrified 
They also show that the attraction between electrified and oth 
bodies is mutual. Each attracts the other. A force exists betwee 
them, just as there exists a force between two magnet poles ‘ 
between two portions of matter. 

This electric attraction takes place across space, as did the oth 
forces mentioned. 


1 The term is derived from the Greek word for amber, elektron. Amber was one of t 


first substances with which the akove experiments were made. 
ad 
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On a body that has been thus electrified there is said to reside 
a charge of electricity, and sometimes the body is said to be 
electrically excited. ) 

The electric charge is stationary, not a current such as a voltaic 
cell causes to pass round a circuit (Art. 346). 


327. TWO KINDS OF ELECTRICITY. 


Ex. 519.—(1) Suspend a stirrup as in fig. 366, and have at hand dry, warm 
rods of (a) glass, with a silk rubber; and 

(6) Ebonite, resin, shellac, sulphur or sealing wax, with a rubber of flannel 
or fur. 

Rub the glass rod briskly with the silk rubber throughout nearly its whole 
length, and without handling it more than necessary place it in the stirrup. 

Excite one of the rods (6) above, and hold it near to and at one side of the 
end of the suspended glass rod. Do not allow the rods to touch. The motion 
of the glass rod may be stopped and reversed by placing the ebonite rod on the 
other side of it. : 

Here we have two charged rods acting on each other. Is the result attraction 
or repulsion ? 

(2) Repeat the experiment with the charged ebonite or (4) rod suspended and 
the charged glass rod held in the hand. The result is the same. 


Ex. 520.—Make an exactly similar experiment to the last, using— 


(i) Two glass rods that have been rubbed with silk ; 
(ii) Two rods and rubbers either alike or different, but chosen from the 
list (b) above. 


Is the suspended rod attracted or repelled ? 


The contrast between the results of Exercises 519 and 520 is 
important. In one a charged rod attracted another charged rod: 
in the other a charged rod repelled another charged rod. All the 
rods would have attracted light bodies as in Exercise 514. 

From these facts it is concluded that there are two kinds of 
electricity: they are called positive and negative. ° 

When glass is rubbed on silk, the glass becomes positively 
electrified. When ebonite or sealing wax or any substance in list 
(b) above is rubbed on fur or flannel, the substance becomes nega- 
tively electrified. 

A positively electrified body is said to have a positive charge, 
and a negatively electrified body a negative charge. When two 
bodies have a charge of the same kind, both positive or both nega- 
tive, they are said to be similarly charged. The results of the pre- 
ceding experiments may then be stated as follows :— 

Similarly charged bodies repel each other: dissimilarly charged bodies 
attract each other. ‘ 
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Compare: this statement with that concerning magnet poles 
(Art. 312). Note that the electrified rods have no poles. 

Ex, 521.—(1) Suspend a positively charged rod (glass rubbed on silk). Rub 
rods of shellac, resin, sealing wax on silk, and test the charge on each rod by 
holding it near the positively charged rod. 

Suspend a negatively charged rod (ebonite rubbed on fur), and test again. 

(2) Rub glass on fur, and find out whether the glass is now positively or nega- 
tively electrified. 

(3) Rub ebonite on a piece of thin leather which has been coated with elec- 
trical amalgam,! and find out the nature of its charge. 


The substances hitherto employed are those by which such 
experiments are most easily made. But most substances are capable 
of being electrified by friction in a similar way to those used above. 

Whether the charge on the rod is positive or negative depends 
on the material of which the rod and the rubber are made. 


apparatus by which we 
can determine whether a 
body is or is not electri- 
fied is called an electro- 
scope. The light bodies 
(fig. 364) and the light 
suspended lath (fig. 365) 
are primitive  electro- 
scopes. 

The instrument shown 
in fig. 367 is called a gold- 
leaf electroscope. A 
strip of gold leaf is sus- 
pended by its middle on 
a thick metal wire. The 

Fig. 367 Fig. 368 wire and leaves are inside 

Forms of Electroscope a glass flask or similar 

vessel. The stopper of 

the flask is made of paraffin wax, or shellac, or ebonite. The wire 

passes through the middle of this stopper, and ends at the top in 
a metal plate. 

The gold leaves are fragile, and should not be jarred or subject 
to any violent movement. 


1To make electric amalgam, heat 1 grm. of tin and 2 grm. of zinc in a crucible until they 
melt; add 6 grm. of mercury; stir; allow to cool: reduce to powder. Before applying it 
to the rubber make it into a paste gvith lard. 
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Fig. 368 shows another form of electroscope with which some 
experiments are more easily made. It is merely a rod of ebonite 
Supported at its middle on a sharp point, as are the magnet needles 
in fig. 336. Exercise 521 shows that such a rod may be electrified 
either negatively (by rubbing it on flannel) or positively (by rubbing 
it on leather covered with mercury amalgam); and, if necessary, 
one end may be electrified positively and the other end negatively. 


329. A CHARGE OF ELECTRICITY IS TRANSFERABLE, 


Ex. 522.—(1) Excite a rod, and bring it up near to the cap of an electroscope. 
If the leaves diverge too widely wait until their action is moderated. When this 
is the case rub the rod gently over the cap and withdraw it. 

What is now the position of the gold leaves? 

If the electroscope be a good one and circumstances are favourable the leaves 
will remain diverged for a considerable time. The leaves are similarly charged, 
and are therefore repelling one another. p 

Thus electricity has been transferred by contact from the rod to the electro- 
scope. Did similar transference take place in Exercise 514? 

(2) Repeat Exercise 514, and note whether any of the small bodies fly off 
after contact. Why do they do so? 

(3)»Charge an electroscope positively in the above manner. Discharge it te 
touching the cap with the finger. (Art. 332.) 

Charge it negatively, and discharge it in the same way. 

Ex. 523.—Charge an electroscope positively by contact. While the leaves 
are diverging to a moderate extent give the electroscope a small negative charge 
What is the effect on the leaves? 

Make the experiment several times, and endeavour to arrange that the di- 
vergence of the leaves shall be just destroyed by the second charge. 


These experiments show that both kinds of electricity can pass 
from one body to another; and that if a negative charge of the right 
amount be communicated to a positively charged body the result 
is that the body has no charge at all. f 

Ex. 524.—Charge a gold-leaf electroscope positively by contact. 

Bring up separately near to the plate, but not so as to touch— 

(a) A positively charged rod ; 
(6) A negatively charged rod ; 
(c) The hand. 


Note the effect on the divergence of the leaves in each case. 
Charge the electroscope negatively, and repeat the three observations, 


It is seen that when the charge on the rod is the same as that 
on the leaves, the leaves diverge more widely. 

By this means we can always find out what is the kind of 
charge on a rod, if we know the kind gn the electroscope: or if 
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we know the’ kind of charge on the rod, we can find what kind of 
charge is on the electroscope. 


330. CHARGING A BODY BY INDUCTION.—It is gene- 
rally more convenient to charge an electroscope, not by contact, 
but by induction. The process of induction is explained later 
(Art. 335). 


‘Ex. 525,—To charge a gold-leaf electroscope by induction. 
Hold a negatively charged rod near to the cap of the electroscope so that the 
leaves diverge. Then in this order (see fig. 372)— 


touch the cap with the finger, 
remove the finger, 
remove the rod. 


The leaves remain diverged, showing that they are charged. 
By the method of Exercise 524 show that the charge given by this means to 
the electroscope is of the opposite kind to that on the rod which induced it. 


331. BOTH KINDS OF ELECTRICITY PRODUCED AT 
THE SAME TIME. 


© Ex, 526.—(1) Charge with positive electricity an electroscope having a*metal 
cup standing on its cap. 

Holding the silk rubber inside a sheet of indiarubber or wearing indiarubber 
gloves, rub glass on silk, and drop the silk into the can. From the effect on the 
leaves, can you infer the electrical condition of the silk? 

(2) Charge the electroscope with negative electricity and repeat the experiment. 
From the effect on the leaves infer the electrical condition of the silk. 


Both results show that the rubber is electrified as well as the 
rod. 

The difference between the results shows that the rubber was 
negasively electrified, and we know that the rod itself was positively 
electrified. 


Ex. 527.—(1) Arrange a warm dry rubber round the inside of a warm dry 
glass beaker. Holding the beaker by the outside, excite a rod on the rubber, and 
shoot out the rubber into a metal cup standing on the cap of an uncharged 
electroscope. 

What is the effect on the leaves? 

Quickly place the rod also in the metal cup. 

What is now the effect on the leaves! 

(2) Repeat the experiment with other pairs of materials—ebonite and fur, 
sealing wax and flannel, &c. Endeavour to communicate the charge on the rod 
and the chafge on the rubber at the same time to the electroscope. 


Experiments of the kind described in the last two exercises show 
that when two bodies are rubbed together both become electrified, 
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one positively and the other negatively, and that the amounts ot the 
charges are equal. 


332. CONDUCTORS AND INSULATORS. 


Ex. 528.—Charge a gold-leaf electroscope. 

(1) Touch it with the finger. The behaviour of the leaves shows that the 
charge has left them. The electroscope has been discharged. 

(2) Charge the electroscope again, and touch it with an unexcited rod of 
sealing wax. What is the effect on the leaves? The charge remains on them. 

(3) Charge the electroscope, and repeat the experiment with the following 
substances unexcited: rods of glass, ebonite, shellac, resin, metal, wood; rolls 
of paper, cotton material, silk material; pieces of dry carbon, straw, slate, india- 
rubber, crockery. 

Make a table of the results, stating for each substance the effect on the leaves 
of the electroscope. 


In the cases in which the leaves collapsed the charge left them 
wing to their being touched. When they remained unaffected it 
showed that the charge remained on the leaves. If they partly 
collapsed a part of the charge had left them. 

Ex. 529.—(1) Place a reel of thin copper wire on the cap of a gold-leaf 
electroscope. Fasten one end of the wire to a flannel rubber; holding the flannel 
inside a sheet of indiarubber, excite a rod of sealing wax. See that the wire does 
not touch the table or any object. 

Are the leaves of the electroscope affected ? 

(2) Repeat the experiment with a reel of cotton, a reel of silk. 

If the leaves of the electroscope diverged, it is clear that some of the elec- 
tricity produced by the friction passed along the connecting thread or wire. 


The results of Exercises 528 and 529, and others of like char- 
acter, show that some substances conduct frictional electricity well, 
others conduct it badly, and others practically not at all. Sub- 
stances of the last class are called insulators; the others condtctors. 

The human body is a comparatively good conductor for frictional 
electricity. The discharge of the electroscope in Exercises 522 (3) 
and 528 (1) was produced by the passage of the electricity through 
the body to the earth. The rod of sealing wax prevented this 
passage. Sealing wax is therefore an insulator. 

Exercise 528 (2) showed that glass, ebonite, crockery, silk are 
insulators, while metals are good conductors. Porcelain insulators 
are used to support telegraph wires, and wires that are buried in 
the ground or in the sea are surrounded by indiarubber or some 
such substance. Parts of electrical apparatus that require to be 
insulated are usually supported on glass legs (fig. 370), and the glass 
is often coated with shellac or resin, which are also good insulators. 
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333: ELECTRIFICATION OF METALS BY FRICTION. 


Ex. 530.—(1) Charge an electroscope, and touch it with a com- 
pound rod, half of which is glass and half metal (fig. 369), holding the 
rod by one end and touching the electroscope with the other end. Try 
both ends in this way. The behaviour of the leaves shows that the 
charge remains undisturbed. 

(2) With the electroscope uncharged, holding the compound rod by 
the glass end, rub the metal end with flannel which is held inside a 
sheet of dry indiarubber, so that the hand does not touch the flannel 
or metal. Bring up the rubbed metal near to the electroscope, and 
test whether the rod is charged. 

(3) Lightly strike the cap of an electroscope with fur or flannel. 
The deflection produced shows that electricity was produced by the 
friction of the metal and the fur. 


This exercise shows that 
metal rods are electrified by 
friction, but that the reason 
why we do not generally use 
them for such experiments as ®@ 
Exercise 514 is that the elec- 
tricity escapes through the 
body to the earth. When 
this escape is prevented, the 
same results follow as with 
other substances. 


334. ELECTRIC CHARGES RE- 
SIDE ON THE SURFACE. 


Ex. 531.—(1) Bring up a charged rod 
near fo but not touching an uncharged electro- 
scope. The leayes diverge. Touch the rod 
with the finger. The leaves show no change, e 
indicating thus that the charge remains on the Fs, i. aes 
rod. 

Wipe the rod along with the hand ora "® Oe ee eee aa 
damp cloth. Present it again to the electro- ae ee 

scope. The absence of an effect on the elec- 

troscope shows that the charge on the rod has been removed by wiping its surface. 

(2) On an insulating stand (fig. 370) place a metal calorimeter or a cylinder 
of wire gauze over the edge of which hang some pith balls on cotton threads. 
Give a charge to the cylinder. The pith balls that touch the outside of the 
cylinder are ‘repelled; those that touch the inside are not affected. 


335- ELECTRICAL INDUCTION.—-In several of the previous 
exercises it was found that the electroscope was temporarily elec- 
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trified when a charged rod was simply held near it. A temporary 
charge produced on a body in this way is called an induced charge, 
and the process is called electrical induction. 


Ex. 582.—On an insulating stand support a metal rod or stiff wire AB (fig. 
371), having suspended from it by cotton threads pairs of pith balls, those of 
each pair hanging in 
contact. Bring up 
near one end of the 
metal rod a positively ¢ 
electrified bodyo. The 
pith balls diverge, 
showing that they are 
charged. Keeping c 
in position, bring up 
another __ electrified 
body underneath the 
pith balls, and test 
ther charge by the 
method of Exercise 
524. It is found that 
the end a of the rod 


is negatively electri- 
fied, and the end B Fig. 371.—Electrification of a Body by Induction 


TT sn 


+ 
or 


4 . 
nee ee 


we 


positively electrified. 

Move the rod c to and fro nearer to and farther from the end A. Note that 
the amount of the electrification of aB depends on the nearness of 0. 

With c still in position touch the rod aB for an instant. Note the behaviour 
of the pith balls. After collapsing they again diverge. Test again the nature of 
their charge. They are now found to be all negatively electrified. The whole 
rod AB has now a charge of negative electricity. The positive charge escaped to 
the earth when the rod was 


touched. + a 

Remove the rod c. The = - ~ 
conductor AB is now nega- 
tively charged, and retains . 


its charge for a time. 
Ex. 533.—The process 


in the last exercise was pre- 

cisely that adopted in Exer- 

cise 525 in the charging of + ole 
an electroscope by induction, 
Fig. 372 illustrates the stages 
of the process. Repeat it, 
and compare the behaviour of the gold leaves with that of the pith balla in the 
previous exercise, ° 


Fig. 372,—Charging an Electroscope by Induction 


In Exercise 532 the rod Ap was electrified though no electricity 
passed into it from ¢. Moreover, both kinds of electricity appeared 
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on AB in the presence of C, and on the removal of c both these 
disappear. The conclusion drawn from this is that every piece of 
matter contains both positive and negative electricity in equal 
quantities, so that usually no sign of electrification is manifested. 
But when an electrified body is brought near to a neutral body, 
the two electricities separate and become manifest. 


© 


CHAPTER XLI 


Electric Machines. Condensers 


336. FRICTIONAL ELECTRICAL MACHINE. — Muck 
greater quantities of electricity than can be obtained by rubbing 
rods are got by means of machines, of whicl 
a common form is shown in fig. 373. 4 
glass plate cc, mounted on a spindle, i 
caused to rotate by means of a handle A 
As it rotates it rubs against two silk rubber 
FF, and the rubbed parts become electri 
fied. A conductor BDEB, made of bras 
rods, is also supported by the wooden stam 
that carries the spindle of the plate; an 
the two U-shaped pieces that curve roun 
the edge of the plate are furnished with 
number of sharp needles whose points al 
ae close to the plate. 

taglines When the electrified area of the gla 

reaches these points the positive electricit 

on the glass acts inductively on BB, and attracts negative electricit 

to the points. This negative electricity streams off the points « 

to the plate, which thus passes on in a neutral condition to tl 
next rubber. 

The insulated conductor BDEB is left positively charged, a1 
large sparks can be obtained from the knob f. 

The negative electricity produced on the rubbers escapes throu 
the frante of the machine to the earth. 


337. THE ELECTROPHORUS.— By using an instrumé 
based on the process of induction many charges may be obtain 
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with only one excitation. Such an instrument, called an electro- 
phorus, is shown in fig. 374. It consists of a plate of ebonite (or 
Shellac) AB having fixed to its underneath side a thin plate cp of 
metal (tinfoil will do), and a stiff movable 
metal lid Er, which can be put on AB or 
raised from it by means of the insulating 
handle «a. 


Ex. 534.—(1) Rub the plate AB with dry 
flannel; place EF on aB; touch EF with the finger; 
lift eF by the handle; present the knuckle to the 
knob H or to the edge of the plate. A spark 
passes, 

Again place EF on AB and repeat the opera- 
tion several times. 

(2) Bring the charged plate EF near to a charged electroscope, and ascertain 
the nature of the charge (Exercise 524), Is the plate charged positively or 
negatively ? 

(3) Repeat the operation of (1) above but without touching EF. Test the 
charge on EF now. [If there is any, it is a negative charge, | 

(4) Instead of discharging rp by the finger, hold it near an insulated conductor 
(fig. 379). When the spark passes, the conductor becomes charged. Test it. @ 
Charge the conductor strongly by allowing several sparks to pass to it. Consider- 
able charges may be got on conductors in this way. 


Fig. 374.—The Electrophorus 


The explanation of the action of the electrophorus can be under- 
stood by reference to fig. 375. 

The upper surface of the plate 
AB is electrified negatively by the 
friction. This electrification pro- 
duces by induction a positive 
charge on the sole cp. This 
charge comes from the earth. = 

When EF is placed on AB the two plates only touch at a few 
points nn, and most of the charge on AB remains there, and acts 
inductively on EF, producing a positive charge on the lower face 
of EF and a negative charge on the upper face of EF, When the 
plate EF is touched, the negative charge on it escapes to earth, 
leaving EF positively electrified. 

The charges on AB and cp still remain there when EF is removed. 


338. THE WIMSHURST MACHINE.—This machine, illus- 
trated in fig. 376, is based on the principle of the electrophorus. 
Two glass plates, parallel and close together, are made to revolve in 


Opposite directions, Round the cireumferepce of each plate on its 
(0 405 ) 25 


Fig. 375.—Action of the Electrophorus 
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outer side’ is fixed a number of tinfoil disks or sectors. Placed 
diagonally across each plate is a metallic arm, which ends in two 
brushes that rub against the sectors. 
Suppose that one of the sectors A has 
a small positive charge to start with. 
On rotating the plates induction takes 
place on the opposite sector B, which 
is in contact with the diagonal arm 
with the result that sector B becomes 
negatively electrified, and sector © @ 
the other end of the diagonal arn 
becomes positively electrified. 

This takes place with all the sec 
tors in turn, so that the top of th 
front plate and the bottom of th 
back plate become positively electr 
fied, while the bottom of the fror 
plate and the top of the back pla 
are negatively electrified. 

The electricity is collected by tv 
horizontal combs that are joined — 
two knobs forming the terminals 
the machine, ene of which is th 
charged positively and the other negatively. 

All electrical machines must be kept quite trec from damp and dust. 


Fig. 376.—The Wimshurst Machine 


Ex. 535.—Experiments with a machine. 
(1) Examine a frictional or Wit 


hurst machine working in a dark roc 

Note the appearance of the « 
lecting combs and of different pé 
of the plate, and prime conducto 

Hold a large metal ball a st 
distance from a knob on the cond 
tor of the machine, or from one of 
terminals. Note the brush dischs 
to the ball. 

Allow sparks to pass between 
terminals, or from the prime | 
ductor to a knob connected with 
earth, and observe the form: 
sparks of various lengths. 

Hold a sharp-pointed needle 

to various parts of the machine 
Fig. 377.—The Discharge {rom Points observe the effect, 
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Fix a pointed wire or needle to the conductor or to a terminal, Note the 
altered appearance of the machine. The electricity escapes from the point as fast 


(2) Fix a bent pointed 
wire, as shown in fig. 377. 
Observe its effect on the 
flame of a candle. 

(3) Replace the bent wire 
by a whirl (fig. 378). Elec- 
trified particles of air are 
shot off from the points, and 
the points themselves move 

backward (Art. 169). 

(4) Present the knuckle 
to the prime conductor or 
terminal. Note the spark 
and the slight shock. 


Fig. 378.—Rotation produced (5) Hold by its insu- 
by Discharge lating stand a conductor 
(fig. 379) near the ma- 

chine so that a spark passes. The conductor is charged. 


Hold a second conductor very near the first; a small spark passes; the charge 
. 


is shared between the two conductors. 


as it is developed by the machine. 


———- at 


i 


Fig. 379.—An Insulated 
Conductor 


(6) Stand on a board supported on four glass bottles; put a 


finger of one hand on the conductor of the machine. 


Hold the other hand near an electroscope. Why are the | 


leaves affected? 


Sparks may be obtained from your other hand EMS another ‘ 

person standing on the ground. : 
Explain what has taken place. | 
339. LIGHTNING CONDUCTORS. i 
Ex. 536.—Stick one or two needles through a small piece 

of cork, and cover the cork with tinfoil. Drop this little appa- 

ratus on the cap of a charged electroscope. What is the effect? = 

Can the electroscope be kept charged while the points are ® 

present ? : 


This experiment, together with some of those in 
Exercise 535, illustrates the action of lightning con- 
ductors, which are sharp-pointed rods (fig. 380) pro- 
jecting over the top of buildings, and extending 


downward into the ground.! 


When a cloud charged with, say, positive elec- 
tricity passes over the building, the earth and 


buildings immediately beneath it are by induction _ Fig. 380,— Upper 


charged with negative electricity. Through the 


Part of a Lightning 
Conductor 


1 Such a conductor fs of course continuous, not discofnected as shown in the illustration, 
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pointed rod the two opposite charges quietly neutralize each other, 
and thus the violent lightning discharge is prevented. 


340. CONDENSERS.—The electric pane is a plate of glass 
having a smaller coating of tinfoil on. each side and the edges 
varnished. It is convenient to have two 
handles of silk cord (fig. 381). 


Ex. 537.—(1) Place the electric pane on the in- 
sulating stand shown in fig. 371 or on a large glass 
bottle, and charge its upper coating from a machine. 
Disconnect the pane from the machine, and touch the 
upper plate with the finger. Is there any shock? 

(2) Place the pane on the table or connect the 
bottom coating with the earth. Again charge the 
plate. Disconnect the top plate from the machine, 
and touch it, A severe shock may be obtained in 


Fig. $81.—The Electric  *HIS way. 
Pane 


The contrast between the results of these 
two experiments shows that there was very much more electricity 
On the pane in the second arrangement than in the first. We say 
that in the second case the electricity was condensed, and such a 


Fig. 382.—Forms of Leyden Jar 


plate is a condenser. The effect is due to induction. Exactly a 
with the electrophorus, every small quantity of electricity communi 
cated to the upper plate drew up from the earth an equal quantity 
of the opposite kind on to the lower plate, and under these circum 
stances the plates will hold much more than when they are fa 
apart. 

The Leyden jar is a more convertient condenser than the electri 
pane. In the elementary form shown on the left of fig. 382 th 


ey 
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water in the bottle forms one coating, the hand forms the other. 

In the form shown on the right the bottom part of the bottle is 
covered inside and out with tinfoil, and a metal rod in contact with 
the inner coating passes through the stopper. The part of the 
Stopper touching the rod in this and the previous figure must be 
made of ebonite, paraflin, or other insulating material. 

The form shown in the middle is the best. The rod is weighted 
at the bottom, and touches nothing else, thus hindering leakage Of 
the electricity. The upper part of the 
glass is covered with shellac varnish for 
the same reason. 

Ex. 538,—(1) The jar being held in the hand 
or placed on a table, allows several sparks to pass 
between the knob of a machine and the knob of 
the jar. The jar is charged. Or the jar may be 
cha.ged by several sparks from an electrophorus. 

(2) If it be a small jar, discharge it by bring- 
ing up the knuckle near to the knob. Take care 
not to knock the jar over. If it be a large jar, 
place one of the knobs of the tongs shown in fig. 
383 against the outer coating, and bring up the 
other knob of the tongs near to the knob of the —‘Fig- 383.—-Discharging Tongs 
jar. Hold the tongs by the glass handle only. 


341. FREE AND BOUND CHARGES. 


Ex. 539.—Charge the jar again, and place it on an insulating stand. Touch 
the knob; little or no shock is felt. 

Discharge the jar by the tongs. The spark shows that the charge had not 
been removed by touching the knob. r 


The two charges on the opposite plates of a condenser are gaid 
to be bound. They attract each other, and one of them cannot be 
removed unless the other is at the same time removed or can 
escape. Compare with Art. 337. 

An electric charge on a conductor which is not thus bound by 
another opposite charge is said to be free. 


342. ATTRACTION PRECEDED BY INDUCTION.—In e 
Art. 327 it was shown that an electrified body attracts another 
body which is oppositely electrified. 
In Exercises 514 to 518 attraction took place between an elec- 
trified body (call it A) and another body (call it B), which appeared 
* to be unelectrified. We now ‘sce that the body B was really elec- 
_ trified under the inductive influence of 2 The attraction resulted 
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from the fact that the part of B near to A had a charge induced 
in it of the opposite kind, and an attractive force existed between 
these oppositely charged bodies. 


343. ELECTRIC FIELD.—The facts of induction show that 
an electrified body exerts an influence on bodies round about it. 
The space round an electrified body is therefore in a special con- 
dition. It is full of electric lines of force, just as the space round 
a magnet is full of magnetic lines of force. The space occupied by 
electric lines of force is called an electric field. Any conductor 
placed in an electric field becomes electrified. Hence result the 
phenomena of induction. 

Referring to fig. 355, if in place of N and § there be two balls 
connected to the two terminals of a Wimshurst machine the electric 
lines of force may be traced out. In place of the magnet AB, a little 
conductor is used. This may be made of two ordinary small pins 
tied together head to point, and suspended by a fibre of unspun 
silk from the end of a glass rod. Cover the stems of the pins with 

little wax or shellac. As the little conductor is moved into dif- 
ferent positions it takes up positions along the lines, and shows 
that they are (with a positive and a negative charge) of the same 
form as those shown in fig. 355. 


Ex. 540.—Additional Exercises on Frictional Electricity. 

(1) Charge a gold-leaf electroscope. Move the hand near to and away from 
the electroscope several times. Note the behaviour of the leaves. Regarding the 
hand as a conductor connected with the earth, explain the action of the leaves. 

(2) Place a gold-leaf electroscope near to an electrical machine, and note the 
movement of the leaves as the machine is worked. 

Place a metal plate between the electroscope and the machine, or cover the 
electroscope with wire gauze (not touching it). The electroscope is now screenet 
from the action of the machine. The effects are due to induction. Explain then 
in detail. : 

(3) Explain why nearly all the apparatus connected with frictional electricity 
is made with rounded edges. 

(4) Place a frictional machine standing on plates or blocks of glass. Wha 
difference does this produce in its working? Examine the way in which th 
rubbers are held, and, remembering Exercise 526, explain the effect. 

(5) Discharge a Leyden jar with a sheet of thin paper held between its kno 
and the adjacent knob of the discharging tongs. After the spark has passed, not 
the small hole in the paper. 

(6) Endeavour to make Experiment 532 with a rod of ebonite or other insulat 
in the place of the conductor aB (fig. 371). The effects of induction are not th 
same in an insulator as in a conductor. 

(7) Place the cork and needles used in,Exercise 536 on the top plate of # 
electrophorus, and see whether it will work as before. What is the cause of t 
difference ? . 
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CHAPTER XLII 
Voltaic Cells 


344. Elementary current electricity or voltaic electricity is 
principally concerned with the production of electricity by chemical 
means, its passage along wires, and the effects it produces during 
its passage. 

The vessels and contents in which the chemical action takes 
place are called voltaic cells. They usually contain acid. 

Acids must be handled with care, poured gently, and not spilled. 


345. THE SIMPLE CELL. 


Ex. 544.—Place a quantity of water in a glass vessel, and gently: pour into 
the water about one-tenth or one-twelfth of its weight of strong sulphuric acid, 
stirring the mixture with a glass rod as the pouring slowly proceeds. (Do not 
pour the water into the acid.) Such a dilute solution of acid will be wanted for 
the ensuing experiments. 

Pour dilute acid into a beaker until it is about two-thirds full, and perform 
the following experiments :— 

(1) Place in the liquid a plate of ordinary commercial zinc. Is there effer- 
vescence? Do bubbles of gas appear? 

(2) The zinc being removed, do the same with a plate of copper. Is there any 
action? 

(3) Put a little mercury on the zinc plate, and rub it about with a brush or 
rag until the whole plate on both sides has a bright silvery appearance, The 
surface of the plate is now amalgamated with mercury. Place the plate again in 
the acid. Is there any action? 


Sulphuric acid acts chemically on unamalgamated commercial 
zinc, but not on copper or on amalgamated zinc separately. ure 
zinc is unaffected by the acid. This difference is due to the im- 
purities present in commercial zinc, which produce local action 
(Art. 347). In an amalgamated plate the mercury has dissolved 
some of the zinc and made a surface layer which contains none of 
these impurities. 

Ex. 542.—(1) Place the plates of copper and amalgamated zinc in the acid 
in the position shown in fig. 384 (1), so that they do not touch, Is there any 
production of gas? 

(2) Allow the tops of the plates to touch, as in fig, 384 (2). 

Is there any production of gas? Where does it appear? e 

(3) Remove the copper plate, rinse it with water, and again placing it in the 
acid, allow the bottoms of the plates to touch, as in fig. 384 (3), Is there any 


production of gas? ‘ 
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(4) Having removed the bubbles of gas from the copper plate as before, attach 
to each plate a terminal of the form shown in fig. 385. The plate 1s placed in 
the slot at the bottom of the terminal, and the screw is turned up tightly. Fix 
the plates upright in the liquid so that the liquid covers the plates up to within 
2 or 3 cm. from the terminal. The plates should be as close together as 18 con- 
venient, but not touching. A small piece of wood may be placed between them. 


Fig. 384.—A Simple Voltaic Cell 


Copper and zinc in liquid—1, No action. 2, Current across liquid and from C to Z. 
3, Current across liquid and through the touching ends from c to Zz. 4, Current 
across liquid and through wire. 


This apparatus is called a simple voltaic cell. 

Join the terminals by a piece of copper wire about 2 m. long, as shown in 
fig. 384 (4). The ends of the wire are placed in the hole at the top of the 
terminal, and tightly gripped by the screw. 

The wire ordinarily used in electrical work is made of copper, and is covered 
with cotton or silk or gutta percha. The cotton must be scraped off for 4 


length of about an inch at each end of the wire, 

If two pieces of wire are to be joined together, a 
metal connector such as is shown in fig. 386 is used 
The connector is a hollow cylinder into which the 
wires are put and held by screws. In making suck 
connections in electrical work clean metal must be 
firmly pressed against clean metal. 

The plates being thus connected by a wire, bubble: 
of gas are again seen to form on the copper plate. 


Thus it is shown that when a plate o 
copper and a plate of amalgamated zine ar 
placed in dilute acid there is no productior 
Fig. 385.—-A Fig.38—A Of gas when they are not joined, but gas 1 
Terminal © Connector produced when the plates are connected 

There is no other directly visible effect; bu 
several effects follow when suitable arrangements are made. 


346. ELECTRIC CURRENT AND CIRCUIT. 


Ex. 548,—(1) Place a pivoted magnet, such as is shown in fig. 336, on the tab 
near the cell, and allow it to come to rest in its north-south direction. The 
taking a length of the wire between the hands, as shown in fig. 887, hold it : 
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Fig. 387.—Magnetic Action of an Electric Current 


that it is stretched straight, just over (but not touching) the magnet, and parallel 
to it. 

When this is ready, to make sure that the cell is in working condition, lift 
the copper plate out of the acid for a moment, wipe 
it, and put it back. 

If everything is right, the magnet is deflected. 

Place the wire in an exactly similar position 
underneath the magnet. What is the effect? 

(2) Place the cell so that the line joining its 
terminals is in the magnetic meridian. Across the 
cell place a flat piece of wood. On this piece of 
wood place a small compass box such as that shown 
in fig. 353. 

Is the magnet deflected? Is the north pole 
turned towards the east or the west? 

Lift the cell up and hold it over a delicately sus- 
pended compass needle. What is the effect? 

(3) Disconnect one end of the wire from the cell, 
_ and see whether any deflection of the magnets can 
be obtained. 


It is more convenient, instead of holding the wire 
in the hand, to wind it round a frame such as that 
shown in fig. 405. 

Ex. 544,—Join the terminals of the cell to the 
terminals of a small electric bell by wires, as shown 
in fig. 388. If the plates of the cell are free from 
gas bubbles the bell may be set ringing. Should 
one cell be insufficient two should be used, arranged 
in series as explained in Art. 355, 


° 
, Re Vig. 388.—Action of an 
These experiments show that something Electric Bell 


is taking place in the wire and’ in the cell 
when these arrangements are made, singe a magnet is deflected 
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when it is near the wire or near the cell, and a bell is made to 
ring. We say that we have a current of electricity passing along 
the wires and through the cell. You may think of a current of 


electricity as a stream of very small invisible particles of matter 


which flow through the cell and along the wires as gas flows through 
pipes; and continuing the comparison, when a great number of 
such particles are passing along a wire, there is a strong current of 
Slectricity; when the stream is small, there is a weak current. 

Such an arrangement as that set up in the last experiment, 
and shown in figs. 378 and 388, is called an electric circuit. 

In Exercise 543 we simply joined the two plates of the cell 
by a single wire. In Exercise 544 we joined each plate by a wire 
to one terminal of a bell. The terminals of the bell are simply the 
two ends of wires which are joined to pieces of metal on the bell 
So that in this case we had (omitting consideration of the spar! 
gap) one plate of the cell connected with the other plate outside th 
cell by a continuous succession of wires and pieces of metal, whicl 
act just the same as a single wire. 

€ While the bell was ringing, or the magnet was being deflected 
along the wires, through the metal vibrator of the bell, an 
through the liquid in the cell, there passed a current of electricit} 
The current has its origin in the cell, and is regarded as comin 
out of the cell at the terminal of the copper plate, which is calle 
the positive pole of the cell. Passing along through the wires tl 
current enters the cell again by the zinc plate, which is called th 
negative pole of the cell. Continuing on through the liquid in tl 
cell to the copper plate the current again passes out round the sam 
path as before. 

* This complete closed path is the electric circuit. The pa 
outside the’cell is called the external circuit, that inside the 
the internal circuit. The external circuit is usually of metal, b 
may have in it certain other substances. 

When we wish to set up a current of electricity a circuit mit 
always be made. In every circuit there must be a cell or 801 
other means of producing an electric current, wires to join the t 
plates of the cell, and generally there are instruments throu 
which the current passes. These instruments are themselves vé 
often merely coils of wire or vessels containing liquid. 

When one of the wires was disconnected in Exercise 543 | 
effect on the magnet ceased. Theecurrent had been stopped. — 

It is convenient to place in every electric circuit an arrangem 
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by which the current can be started or stopped at any moment. 
This is done by means of a key or switch, of which two common 
_ forms are shown if fig. 389. A key consists of two pieces of metal 
fixed on a base with a gap between them. ‘The wires of the circuit 
are joined to these pieces of metal, and a movable piece of metal 
allows the gap to be opened or closed as we please. 

When a cireuit is completed, so that there is no gap anywhere, 
it is said to be made or closed. Where there is a gap the circuit is’ 
said to be broken. 

A circuit is often represented 
by a diagram, as in fig. 390, 
where B represents a cell; Ga 
galvanometer (Art. 359); K a 
key; R a coil of wire often called 


8 a 


Fig. 390.—Diagram of an Elec- 
Fig. 389.—Electric Keys or Switches tric Circuit 


a resistance (Art. 368), and aaaa the wires by which these pieces 
of apparatus are joined together. When pieces of apparatus are 
joined together as in fig. 390, so that the current starting from the 
battery runs through them all one after the other, they are said, to 
be joined in series. The order in which instruments are placed in 
series in a circuit does not matter. 

When experiments with electrical currents fail it is often 
because the circuit is not really made. There is a gap in it. To 
avoid such failures, terminals must be clean, and all screws tightly 
turned. 


347. SIMPLE CELLS OF VARIOUS MATERIALS. 


Ex. 545.—Repeat Exercise 543 or 544 with the following pairg of plates: 
iron and zinc, carbon and zinc, and if possible platinum and zine, If the plates 
be close together and not too small, and the magnet light and delicately suspended, 
deflections of the magnet will be obtained in each case. 

Repeat the experiment with plates of any meteds that are obtainable. 
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The results show that a simple cell may consist of various metals. 

When the local action mentioned above is taking place in a cel 
the small pieces of lead and iron that are present in the zinc forr 
with the acid and the zinc itself a number of tiny cells which sen¢ 
currents in all directions along the zinc and acid surface. These 
local currents add nothing to the current which the cell sends round 
the external circuit, and have the harmful effect of using up the 


Materials of the cell. 


348. POLARIZATION OF THE SIMPLE CELL. 


Ex. 546.—Set up the circuit of Exercise 543, and allow the current to pas 
round the circuit for several minutes. Note the appearance of the copper plat 


at intervals, and obtain a deflection of the magnet at intervals. 
The deflection becomes smaller as time goes on. Remove the copper plate 


rinse it in water, and repeat the observations. 


The experiment shows that as the bubbles of gas increase on thi 
copper plate the current given by the cell grows less and less. I 
time it becomes almost nothing. 

This effect—the failure of the cell to continue to send a curren 
__is due to the presence of hydrogen gas on the plate, and is calles 
polarization. It renders all simple cells useless for practical put 
poses. Various cells have therefore been devised which are morerg 

less free from this defect. pare } 


349. THE BICHROMATE CELL. - 
The simplest way of diminishing polarizatio 
is to add to the cell some substance whic 
combines with and thus removes the hydr 
gen which causes the polarization. In th 
bichromate cell this is done by adding som 
bichromate of potash to the sulphuric acid. 

The ordinary form of the bichroma’ 
cell is shown in fig. 391. The plates a 
of carbon and zinc, td “the carbon pla 
is in two parts, one on each side of # 
zinc, but as they are connected by a stt 
of metal at the top they act as one plat 
The zine plate is between them, and is ma 
<a to slide up and down. When the cell 
Hot in use this plate is always raised up out of the liquid. T 
carbon is the positive plate. /  « rf 


350. DANIELL’S CELL. — One form of this cell (which 


4 
YW 


Fig. 391.—The Bichromate Cell 
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made in various shapes) is shown in fig. 392. The outer glass 
vessel contains dilute sulphuric acid, in which is placed the nega- 
_ tive plateof zine. In 
Shi: vessel is placed 
another vessel made 
of unglazed porous 
earthenware, called 
the porous pot, 
which is filled with 
a solution of copper 
sulphate; and in 
the copper sulphate 
solution is placed 
the positive copper 
plate, and some bee i y 
: 7 Fig. 392 Fig. 393 
solid copper sul- The Daniel's Cell 
phate crystals. F 
When this cell is at work, the hydrogen gas that makes its way - 
towards the copper plate is acted on by the copper sulphate, with» ( 
the result that not/hydrogen gas but solid copper is deposited on 
the copper plate. Thus polarization 
ts almost completely prevented, and 
the Daniell’s cell is very constant. 
Fig. 393 shows a section of a dif- 
ferent form of the same cell. In this 
form the outer vessel is of copper, 
and contains copper sulphate; the 
vessel itself being the copper plate of 
the cell. In this is placed the porous 
pot containing the dilute sulphuric 
acid and the zinc. 
351/GROVE'S CELL.—In this 
cell the metals are platinum and zinc, 
and there are two liquids—dilute sul- 
phuric acid and strong nitric acid. Sooo 
Fig. 394 shows the cell in section. Fig. 394.—The Grove's Cell 
The outer vessel is made of glass or 
glazed earthenware, and contains dilute sulphuric acid. _ in this 
is placed the U-shaped zine plate z. Fitting into the zinc plate 
is a thin flat porous pot N, which contains nitric acid, and a thin 
platinum plate is placed in the nitric acid. 


” 
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The hydrogen gas which is produced in the outer vessel by the 
action of the zinc on the sulphuric acid passes through the porous 
pot, aud on coming into contact with the nitric acid enters int 
combination with it and thus ceases to exist as a separate gas. Th 
cell is capable of producing a strong current of electricity, but mus 
be put together every time it is used and taken to pieces when don 
with. 


eal a <" —_ . 


e> 


Fig. 395. — BONES of aca Cells 

352. BUNSEN’S CELL.—This cell is exactly like the Groy 

cell, except that a rod of carbon is used in the place of the platinu 

plate. Fig. 395 shows five Bunsen’s cells joined together in seri 
(Art. 355). 


353. THE LECLANCHE CELL.—This cell, shown in fig. 39 
consists of a glass vessel which contains a solution of sal ammoni 
(ammonium chloride), and the zine, whi 
is usually of rod shape. In this is plac 
a porous pot that contains a rod of carb 
packed round tightly with fragments of 
bon and powdered binoxide of manganest 

When this cell is at work, the hydrog 
gas on itsavay to the carbon plate is act 
on chemically by the binoxide of mangane 
with the result that water is formed, a 
the hydrogen does not reach the cart 
plate. But this chemical action is slow, 
that after a short use this cell requires 
rest to allow the chemical action to t 
place. Hence the Leclanché cell is u 
only when a current is required for a sh 
time, as in ringing electric bells. 


o 
Fig. 396.—The Leclanché Cell 


354- DRY CELLS.—Numerous cells are also made called | 
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cells. They are very convenient to use, as there is no acid to spill. 

Each form of dry cell is made up of substances which act chemically 

on one another in such a way as to give the effects described in the 
previous forms. 

355- ARRANGEMENT OF CELLS.—When several cells are 
used, the group is called 
a battery. The poles 
of the cells are joined an I 
together by clamps, or 
by wires connecting the 
terminals. 

Fig. 397 shows two 
Grove’s cells with the 
positive pole of one cell 
clamped to the negative 
pole of the next. Cells 
joined in this way are 
said to be connected in | 
series. Any number of 9 Rm rem mmmears = 
cells may be so con- Fig. 397.—Cells joined in Series 
nected. 

When the positive poles of two or more cells are joined to each 
other, and the negative poles similarly connected to each other, the 
cells are said to be connected in parallel. Fig. 398 shows four 
Leclanché cells joined in 
parallel. 

The positive and negative 
terminals of the battery are 
joined to the circuit in the 
same manner as a single cell. 

In every electrical opera- 
tion there is a certain strength Fig. 398.—Cells joined in Parallel 
of current that is suitable for 
it. Combinations of cells in batteries enable us to obtain any 
desired strength of current. 

For the experiments that follow— 

(1) A strong current may be obtained from three or four Grove’s 
or Bunsen’s cells in series. 

A moderate current from two Daniell’s or bichromiate cells in 
series. ‘ 

A weak current from a single cell. 


= 


| 
2 
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(2) Fora steady current use Daniell’s cells if possible. 


(3) In the use of any cell or battery— 


Do not let the terminals touch each other, nor join them by 
a short wire, unless specially instructed to do so. Be. 
Do not leave current running round a circuit when it is not 


required. 


CHAPTER XLIII 


Magnetic Effects of an Electric Current 


356. MAGNETIC FIELD OF A CURRENT. — The means 
by which an electric current was detected in Exercise 543 was by 


Fig. 400 


Magnet Field round a Straight Wire carrying a Current 


e 


its effect on a magnet, 
since such a current 
can only be detected 
by its effects. The 
relations of currents 
of electricity to mag. 
netism are of great 
importance. 


Ex. 547.—For this ex: 
periment a strong current 
is required. ’ 

Arrange in series a bat: 
tery, a key, and a piece of 

thick straight wire. Let 
the thick wire pass ver 
tically through a smootl 
horizontal board (or a fia 
piece of stiff cardboard) 
as shown in fig. 399 
Sprinkle a small quantity 
of fine iron filings on th 
board near the wire. B 
means of the key mak 
the circuit, and lightly tay 
the board with a pencil 
If the current is stron 
enough ‘the filings rang 
themselves in concentri 
circles round the wire. A 
soon as they are formed 
break the circuit. 
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This experiment shows that round a wire that is carrying a 
current there is a magnetic field of the same nature as has been 
shown to exist round about a magnet. The space is full of mag- 
netic lines of force that act on magnets and on soft iron. 


Ex. 548,—To trace the lines of force round a wire carrying a current. 

(1) With the same arrangement as in the last exercise trace out one or two of 
the lines of force by means of a very small magnet, as was done in Exercise 498, 
Fig. 400 shows the position that the magnet takes up in different positions. ¢ 

The magnetic lines of force are circles round the wire that is carryjng the 
current. 

Note the terminals of the battery, and the direction in which the current is 
flowing through the wire, and in which direction the N pole of the magnet 
turns. 

(2) Interchange the connections of the wires, so that the current flows through 
the wire in the opposite direction. In which direction does the magnet now 
turn? 


It is found that if the direction in which the current is travel- 
ling in the wire be represented by the forward motion of a screw, 
then the direction in which the N pole of the magnet moves is the 
direction in which the circumference of the screw rotates. The 3 
pole moves of course in the opposite direction. 

Fig. 401 illustrates the effect when a coil of wire is used instead 
of a single wire for Exercise 547. Owing to the increased effect 

due to the many turns 


SSI of wire (each one of 
Wy 


MWY GG ie which increases the 


magnetic effect), a 
very strong battery 
is not required. The 
filings arrange thtem- 
selves “ in curves 
around each side of 
the coil, the lines run- 
ning near the axis of 
the coil being prac- 
tically straight. Com- 
pare fig. 401 with fig. 
Fig. 401.—Magnetic Field produced by a Coil of Wire 352. The two sets 

of lines of force are 

repelling each other. This fact is connected with the fact that 
in the two sides of the coil the current is travelling in opposite 


directions—one upward the other downjyvard. 
(0405) 26 
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Ex. 549,.—Wind a helix of cotton-covered wire on a glass tube (fig. 402). 
Place the glass tube horizontal half through a piece of cardboard, so that its axis 
lies in the plane of the card. Pass a 
current from two or three cells through 
the wire, and demonstrate the lines of 
force by filings. Compare them with 
fig. 349. 

Fig. 402.—A Helix of Wire Push a strip of cardboard having 
e filings sprinkled over it, down the 
middle of the tube. While the current is passing tap the tube. Note the direc 
tion taken up by the filings. 


i 


Ex. 550.—Uzing a constant cell, set up the circuit of fig. 387 with a key i1 
the circuit, and repeat Exercise 543. In each case note the direction in whicl 
the current is passing along the wire (leaving the cell at the + terminal), and thi 
direction in which the N pole of the magnet moves, thus :— 


Direction of Motion of North 


Direction of Current. Position of Wire. Pole of Magnet. 
North to south Above the magnet — Towards the east 
North to south Below ,, ye | eS 
‘ South to north Above ,, of ae 


South to north Below ,, a Ai > aes 


Are the results in accordance with the “ corkscrew rule” given above? 


357. THE ELECTROMAGNET. 


Ex. 551.—(1) Round a rod of soft iron, wind cotton-covered wire, as show 
in fig. 402. Pass a current of electricity through the wire. 

. While the current is running, test the rod for magnetism by the method « 
Exercise 483. It will be found that the rod is a strong magnet. The electr 
current produces a magnetic field in the centre of the coil of wire, and any pie 
of iron in a magnetic field becomes magnetized. 

Note the dfrection in which the current is passing, and which end is the 
pole. As you look at the end of the s pole, the current is passing round it in 
clockwise direction. 

Think of a tufn of the wire in the middle of the coil. Is the N pole in 
direction given by the corkscrew rule! 

(2) Reverse the current. Test the magnetism of the bar. Its polarity 
reversed. 

(3) Break the circuit and tap the bar. Its magnetism has nearly all d 
appeared. 


Suchea bar and coil are called an electromagnet. Electa 
magnets are much more powerful than steel magnets, but the 
magnetism is only in existence while a current is passing row 
the coil. : 


E 
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Electromagnets are often made in horseshoe form, as shown in 
fig. 403. 

If a steel bar, however, be used instead of 
soft iron, and if while under the influence of the 
current the bar be tapped, the steel becomes 
magnetized, and owing to its retentivity keeps 
its magnetism permanently. 

If a strong charge of electricity obtained by 
means of a frictional machine be passed round 
a coil of wire containing a thin steel rod, the rod 
becomes permanently magnetized, thus showing 
that the electricity produced by friction is really 
the same as that produced by a cell. 


358. THE ELECTRIC BELL.—We are Fic. 408.—An Masta. 
now in a position to understand the action of magnet 
an electric bell (fig. 388). Examine an electric 
bell. The principal parts are the gong, the vibrating hammer, 
and an electromagnet. On the back of the vibrating hammer is 
a piece of steel spring which presses lightly against a screw C, and 
on the front of it is a rod of soft iron. 

The current from the battery entering at one terminal passes 
to the screw along the steel spring to the base of the hammer, 
thence round the coils of the electromagnet to the other terminal, 
and so back to the battery. That is the circuit. But immediately 
the circuit is made, and the current flows, the electromagnet attracts 
the iron rod and pulls it towards itself. This movement drags away 
the piece of steel spring from the screw, and thus breaks the circuit 
at C. When the circuit is broken the vibrating hammer spriygs 
back to its first position. There it again makes the circuit, and the 
whole process is gone through again. Each forward motion of the 
hammer gives one tap on the gong. 


359. GALVANOMETERS. \_“ 


EX. 552.—Make a circuit of a constant cell, a key, and a length of 2 or 3 m. 
of insulated wire in series, Bend the wire into a loop (any shape) round the 
magnet (fig. 404), 

Find out which way the current is passing round the loop, and satisfy your- 
self that in every part of its circumference, according to the corkscrewgrule found 
above, the current is urging the poles of the needle out into the positions they 
occupy. 

Double the loop, and note the deflection of the magnet, i.e, the angle it has 
turned through, 6 
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If the wire is long enough, make a loop of several turns, and note the 


increase in the deflection of the magnet. 


This arrangement is a simple form of galvanometer. Galvano- 
meters consist of a coil 


of wire with a magnet 
placed (generally) in the 
centre of the coil. The 
magnet does not touch 
the wire, and is quite in- 
dependently supported. 
There is no current of 
electricity in the mag: 
net. The current passes 
round the wire, makes 
a magnetic field across 
the middle of the coi 
(fig. 401), and th 

magnet is deflected. 
Galvanometer 

serve two purposes 
An Elementary Form of Galvanometer (1) to detect whethe 

there is or is not | 

current in a circuit; (2) to measure currents. 

Fig. 405 shows a simple form of galvanometer that can b 
easily made. The coil of wire may consist of one single turn ¢ 
of several or many turns. If it is to measure or detect very sma 
currents, a large number of turns of wire are required; if for larg 
currents, few turns. are necessary. Two or three coils of differer 
lengths may be wound on one framework if necessary, and thi 
coil used which is most suitable for any experiment. 

Each end of the coil is fixed to a brass terminal, by which it ca 
be conveniently put in any circuit. 

The magnet may be supported on a pivot, or suspended by 
thread, as in fig. 407, so that its centre is at the centre of the e 
of wire. Underneath it is placed a compass card marked in degret 
The zero line from which the deflection of the magnet is measur 
is parallel to the turns of wire, and the graduations on the card a 
from 0° to 90° in each quadrant. 

Ex. 553.—Set up a circuit containing a constant cell, a key, and a galval 


meter in series, See that no other magnet is near the galvanometer. Place | 
galvanometer so that the turgs of wire are parallel to the needle, 
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Close the circuit and record the number of degrees through which the gal- 
vanometer is deflected. Open the circuit. Rotate the galvanometer so that the 
needle (no current passing) points to 10°. Close the circuit and again record the 
deflection of the needle, 

Open the circuit: rotate the galvanometer until the needle (no current pass- 
ing) points to 20°. Close the circuit and record the deflection. 

Continue this process for every 10° until the position is found when there 
is no deflection of the magnet produced by the current. The coils are now at 
right angles to the magnetic meridian. 


Since the deflection obtained de- 
pends on the position of the coils, it is 
always necessary before using any 
galvanometer to see that its coils are 
in the magnetic meridian. 


360. THE TANGENT GAL- 
VANOMETER. — Fig. 406 shows a 
more elaborate galvanometer, made 
however in the same way as the simple 
instrument shown in fig. 405. The coil 
of wire is wound on a circular ring of 
wood or brass. The magnet, which is 
short and carries a pointer, is mounted Fig. 406.—The Tangent Galvano- 
in a brass box with its centre exactly meter 
at the centre of the coil of wire. The 
ends of the wire are brought down to brass terminals fixed on the 
base of the instrument. 

In the instrument shown in fig. 406 there are three separate 
coils of wire wound on the ring, with their ends connected to ter- 
minals 1 and 2, 2 and 3, 3 and 4 respectively. One coil consists of 
1 turn only, the second of 50 turns, and the third-of 500 turns. 
The first is used when a strong current is in action, the second for 
a moderate current, the third for a weak current. 

When the current passes round one of the coils it produces a 
magnetic force at the centre which is at right angles to the coil. 

The earth’s magnetism produces a force which is parallel to the 
coils. 

The needle comes to rest under the action of these two forces. 

It was shown in Art. 143 that when two forces agt at right 
angles to each other on a body capable of rotation, the deflecting 
force K is related to the restoring force & by the equation K = E 
tan A°, where A° is the deflection. 
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When this galvanometer is in use, K is the deflecting force due 
to the current, and E is the restoring force due to the earth’s 
magnetism, and E always remains the same. 

Hence we may compare different currents by comparing the 
tangents of the angles of deflection that they produce. 

This instrument is therefore called a tangent galvanometer. It 
is the principal instrument for the measurement of currents. 


361. THE ASTATIC GALVANOMETER. —Fig. 407 shows 
a form of galvanometer much more 
sensitive than that shown in fig. 406, 
i.e. the needle shows a deflection 
when a much smaller current is used 
than is necessary with an ordinary 


I} 


i] 


ne = 


Fig. 407 Fig. 408 
The Astatic Galvanometer 


tangent galvanometer. It is called an astatic galvanometer because 
an astatic pair of magnets is used (fig. 359). The lower magnet is 
inside the coil of wire, the upper magnet is on the top of the coil. 

Fig. 408 shows how the magnets ab, ab’ are situated with regaré 
to the coils ECDE. 

Ex. 554.—¥rom fig. 408, taking the direction of the current in the coils t 
be that indicated by the arrows, find, by means of the rule arrived at in Art. 356 
the direction in which each pole of the magnet ab is urged by the magneti 
field produced by the current in each part of the wire. 

The magnet a’b’ is affected almost entirely by the current in the part cp; th 
other parts of the wire may be neglected in thinking of this magnet. 


It will be found that the forces acting on ab, and those actin, 
on a’b’ work together to produce a deflection in the same directior 
Thus a small current will deflect the magnet needle and the astati 
galvanometer is sensitive. 

Sensitive galvanometers must be ysed cautiously. They are ne 
used to measure currents, but (1) to detect whether there is an 
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current at all in a circuit; (2) to compare very small currents. 
With very small deflections, currents may be regarded as propor- 
tional to the deflections which they produce. 


RULES FOR THE USE OF GALVANOMETERS. 


1. The plane of the coils must be in the magnetic meridian. 

2. The needle or pointer must be at the zero of the scale when 
the cirenit is open. : 

3. In reading deflections avoid parallax. Read both ends of the 
needle, taking the mean as the true deflection. 

4. Too large a current must never be sent through any galvano- 
meter, or it will probably be damaged. 


362. THE ELECTRIC TELEGRAPH.—The sending of mes- 


sages by means of a current of electricity is in its simplest form 


NTH 
BM Sil 
— N)B 


Farth 


Fig. 409.—Telegraph Instrument 


effected by a circuit that contains a battery, a switch, and two gal- 
vanometers of special shape shown in fig. 409. , 

The arrangement of the circuit is indicated in fig. 410, where 
oz is the battery, one at each station, and § and R the two galvano- 
meters joined by a telegraph “line”. , Suppose the operator at $s 
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moves his switch so that the needle of his instrument is deflected as 
shown in the figure; a current passes along the line, moves the 
needle of R into the same position as his own, passes down into the 


Fig. 410.—A Telegraph Circuit 


earth to a plate H, along the earth to the other plate E, and so com- 
nletes the circuit. 

Different combinations of movements of the galvanometer needle 
stand for different letters, and so the words of the message are 
spelled out. 


CHAPTER XLIV 


Induction of Electric Currents 


ig 363. It was shown in the last chapter that a current of elec: 
tricity passing along 
a wire produces a 
magnetic field round 
the wire. We have 
now to show that the 
motion of a magnetic 
field produces elec- 7 
trical effects in a wire. Fig. 411.—Current induced in a Coil by the Motion 
Ex. 555.—(1) Take of a Magnet 

a coil of wire of small 
diameter and of many turns of wire, such a& is shown in fig. 411, and by lon; 
wires connect its terminals to those of a delicate galvanometer, standing som 


? Ws 


| tome S Rake Rae a 
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distance away from the coil, Push quickly into the middle of the coil one pole 
of a strong bar magnet into the position shown in the figure. The galvanometer 
needle gives a quick deflection. Keep the bar magnet in the same position. The 
needle swings to and fro and returns to its zero position. 

Rapidly pull the bar magnet straight away from the coil. The galvanometer 
needle is instantly deflected in a direction opposite to the first. Again it soon 
returns to its zero. 

At the moment when the magnet pole was thrust into the coil, a current of 
electricity rushed round the circuit. This current lasted only a fraction of a 
second, and ceased when the motion of the magnet stopped. 

At the moment when the magnet pole was withdrawn, another currenf rushed 
round the circuit in the opposite direction, and ceased when the magnet was a 
short distance from the coil. 

(2) Keeping the magnet fixed in position, quickly move the coil up to the 
magnet; then, after the needle is still, away from the magnet. The same effects 
follow. 

(3) Take two strongly magnetized bars and support them on blocks a few 
inches above the table in the same straight line with the north pole of one a short 
distance from the south pole of the other, so as to produce a magnetic field] like 
that shown in fig. 350. 

Hold the coil of wire in this field vertically so that the lines of force pass 
through it. Placing a hand at each side of the coil, rapidly turn it top to bottom. 
The galvanometer i in its circuit shows a deflection. 

After an interval complete the turn. The current now passes in the opposite 
direction round the coil. 

(4) Fix the magnet in the position shown in fig. 411. Quickly bring a mass 
of soft iron up to the pole that is in the coil. Observe the direction of motion of 
galvanometer needle. Quickly remove the soft iron. In which direction is the 
deflection now? 


Such momentary currents produced in a coil of wire when a 
magnet is moved in its neighbourhood are called induced currents. 

Remembering that a magnet is surrounded by a magnetic field 
full of lines of force, we see that the movements of the magnet or 
coil caused these lines of force to move across the turns of wire in 
the coil: this process is called cutting the lines of force. And 
using this language we may say that whenever magnetic lines of 
force cut a coil of wire, a momentary current is induced in the coil. The 
potion of several important electrical machines is based on this fact. 


364. The telephone is shown in fig. 412 in section. A perma- 
nent steel magnet A has round one end of it a coil of wire B. The 
ends of this wire are connected to terminals c. In front of the 
coil of wire is placed a thin disk of soft iron D fixed by,its edges. 
These parts are mounted in a wooden framework &, in which a: 
conical opening F is left facing the disk, coil, and magnet. When 
one talks into the mouthpiece F the disk D is caused to vibrate in 


_—s, 


* 
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and out like the membrane of a drum when it is struck. By each 
one of these changes in the position of the middle part of D, the 
lines of force of the magnet A are altered in position (Exercise 558 
(4)). Every alteration of the lines of magnetic force inside the 
coil B causes some of them to cut the coil and thus produces an 
electric current through the wire. The current passes out at one 


Fig. 412.—The Telephone 


‘ 
of the terminals c along a wire into one terminal of another exactly 


similar telephone G, round the coil H of this telephone, and s¢ 
round the circuit. As the current passes round H it alters th 
magnetism of the magnet K, and this alteration causes an attrac 
tion or repulsion of the disk M. Thus every motion communicate 
to the disk D is repeated by th 
disk M. 

In this way the drum of an ea 
placed opposite M receives all th 
motions set up by the voice at ] 


365.—The dynamo, which is 
machine for producing very stron 
currents, acts also by inductiol 
Very large coils of wire are rotate 
rapidly in a strong magnetic fiel 
and the currents of electricity i 
duced in the coils are collected at 
taken to the terminals of the m 
chine, whence they pass into 
external circuit. 

Fig. 413 shows a simple labor 
tory machine. An electrgmagnet has its poles curved so as to fo 


TMU 


Fig. 418.— Dynamo 


eS = ae 


- principle. 
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a hollow cylindrical space across which the magnetic lines of force 
run horizontally. In this field is placed a coil of wire called the 
armature, whose construction is shown in fig. 414. The turns of 
wire run parallel to the spindle of the armature, and the ends are 
brought out each to a piece of brass fixed on the spindle, but in- 
sulated from it. These two 
pieces of brass form the com- 
mutator. The spindle of the 
armature is mounted on a frame- 
work, so that the coil of wire 
just fits into the cylindrieal Fig. 414.—Armature of a Dynamo 
spaee. 

By means of the wheel the armature is caused to rotate rapidly. 

As was shown in Exercise 555 (3), during every complete revolu- 
tion of the armature two brief currents pass round the coil in oppo- 
site directions. As the commutator turns, it rubs against two metal 
brushes (one of which is shown in fig. 413), whose position is so 
arranged that at the instant when the current reverses its direction 
in the coil the commutator slips on to the other brush. Thus the 
current always comes out at one brush, passes to one of the screw 
terminals shown on the base, round the external circuit, and back 
to the other brush. 


366. THE INDUCTION COIL. 


Ex. 556.—On a rod of soft iron wind a helix of insulated wire (fig. 402) of 
many turns. Call this the primary coil. 

Over this wind another helix of as many turns as conveniently possible. Call 
this the secondary coil. 

Connect the ends of the primary coil through a key to a battery of three or 
four cells in series. Join the ends of the secondary coil to a galvanometer. # By 
means of the key make the primary circuit. Note the effect on the galvanometer. 
Let the needle come to rest. 

Break the circuit and again observe the galvanometer. 


Every time the primary circuit was made, the iron core became 
an electromagnet, and its lines of force rapidly crossed the turns 
of the secondary coil; hence the momentary current in the secondary 


circuit. 


Every time the primary circuit was broken the lines of force 
erossed the secondary in the opposite direction. Hence, the mo- 


‘mentary current in the opposite direction round the secondary. 


The Ruhmkorff coil showy in fig. 415 is constructed on this 


4 
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The core and coils, of which the secondary is very long, are 
mounted on a stand, which also supports a vibrating spring A, and 
an upright carrying a screw B. On the top of A is a mass of soft 
iron. Inside the base of the instrument is a condenser C. 


= Ait 


RTA 


Ruhmkorfft Coil 


| 
i 


The electrical connections in the primary circuit are as indicate 


in fig. 416. The secondary terminals D are left unconnected. 
The screw B being in contact with A, on turning the switch | 
a current passes round the primary, charges the condenser, an 
magnetizes the core. Thereupon the head of A is attracted to tl 
core, the connection b 
tween A and B is broke 
the current ceases, am 
saboclh pl od ebb cg bol leoctleg B “the core becomes dema 
$ netized. This process 
2====-—_—-—---— "repeated with every vibr 
tion of the spring, as 
the electric bell. 
K Lines of force bei 
|i thus alternately, inti 
Fig. 416.—Connections of a Ruhmkorff Coil duced into and withdra' 
from the secondary ¢ 
momentary currents flash round it and produce a stream of spat 
between its terminals D. 
The &ey K is usually fixed on the base of the instrument. 
A small coil, such as gives a }-inch spark, is suitable for sch 
use, Larger coils will give sparksemany inches long, but such ¢ 
are dangerous, and should, only be used by persons of some experier 
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Ex. 557.—Using a small coil—(1) See that the switch is turned off. Attach 
a battery of two or three cells to the terminals; see that the screw B lightly 
touches the head of the spring a, and place the terminals p 3 or 4 mm, apart, 
Turn on the switch, Observe the spark discharge. 

(2) Place a finger on one of the secondary terminals. A jarring sensation is 
experienced. Small alternating currents of this character are sometimes used for 
medical purposes, but if too strong they are harmful. 


4 


CHAPTER XLV 


Resistance 


367. CONDUCTORS AND INSULATORS.—In the previous 
exercises a current of electricity has been caused to pass through 
copper wires and other pieces of metal, and also through dilute sul- 
phuric acid. Any material through which a current of electricity 
will pass is said to conduct the current, and is called a conductor. 

en an air-gap was interposed in the circuit the current cease. 
It could not cross the gap, and ceased altogether to flow. Materials 
through which a current of electricity will not pass are call non- 
conductors or insulators. 

The next experiment is to try a few substances to see whether 
they are conductors or non-conductors. 

Ex. 558.—Set up a circuit consisting of a battery B, a galvanometer G, a key 
K, and the substance to be tested s, all in series as indicated in fig. 417. 

(1) Let the battery be a single Daniell’s cell, and use any form of galvanometer 
that is not sensitive. Place in turn between the two terminals ac in fig. 417 
a length of wire—iron, German silver, platinoid, manganin, tin are suitable. 


B Note the deflection of the galVano- 
meter. All metals are conductors, 


Fig. 417 rig. 418 
(2) Using a battery of several cells in series, and as sensitive a talvanometer 
as is available, place between the terminals ac short pieces of substances such as 
the following:—dry string or cottén; silk; string moistened with dilute’ acid ; 
rods of wood, ylass, sulphur, resin, ebonite, garbon, sealing wax; a piece of 
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earthenware. See that the materials make good contact with the terminals. This 
may be done by supporting them on metal terminals, as indicated in fig. 418. 


With some of these substances in the circuit no deflection what- 
ever of the galvanometer magnet can be obtained. They are 
insulators. 

With others a small deflection is obtained. They conduct a 
little. There is no perfect insulator. “Under certain circumstances 
ail ordinary substances conduct electricity more or less. 

Thee wires used in electrical work are covered with cotton, silk, 
gutta percha, or other insulator, to prevent the electric current from 
passing from one part of the wire to another that may touch it, 
as it is always desired that the current should run lengthwise along 
the wire, and not out at the side. 

The fact that different substances placed in a circuit with a 
battery allow more or less current to flow round the circuit is 
expressed by saying that the substances offer resistance to the 
passage of the, current, some more, some less. The substances 
glassed as insulators offer a very great, or as it is usually called 
a high resistance to the passage; those classed as conductors offer 
a small or low resistance. All conductors offer some resistance tc 
the passage of a current through them. 

A comparison with Art. 332 shows that on the whole substance: 
that conduct the electricity produced by a cell also conduct the elec 
tricity produced by friction. This is also an indication that the 
electricity developed by such different means is really the same. 

_ The differences between the two lists of conductors and insu 
lators are due to the fact that the electricity developed by friction 
is in a different state to that produced by a cell. This difference 
of State is called a difference in potential. 


368. RESISTANC] 
COILS.—It is convenien 
to have measured length 
of insulated wire woun 
each on a reel. These ar 
called resistance coils, Fig 
419 shows a set mounte 

| ona board, with their end 
connected to terminals fc 
convenience. 


Fig. 419.—A Set of Resistance Coils Ex, 559,—(1) Take a resis 
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ance coil on which there is wound 2 or 3 m. of thin wire, Place it in series with 
a battery and a galvanometer; and read the deflection of the magnet of the 
galvanometer. 

(2) Repeat the experiment with a resistance coil on which there is 20 or 40 m. 
of the same wire, and record the deflection. 


The second deflection is smaller than the first. This means 
that the current was weaker, and this weakening was produced by 
the greater length of wire in the circuit. x 

Thus a long wire offers more resistance to the passage of a 
current through it than does a short wire of the same kind. 

By putting coils of wire into a circuit in this way we can alter 
the current within limits as we please. 


Ex. 560.—Set up a circuit containing a cell, a sensitive galvanometer of low 
resistance, and a resistance coil of fairly high resistance. Suppose the deflection 
is x. By putting in more resistance reduce the deflection to 42°.- Then it 
will be found that the second resistance is nearly double the first. 


Numerous experiments made in this way show that the current 
in a circuit is inversely proportional to the resistance of the circuit 
when other conditions remain the same. ’ 


369. RESISTANCE OF A CELL. 


Ex. 561.—Make up a simple cell consisting of a plate of carbon, a plate of 
zinc, and some bichromate solution; or the 
simple cell used in Exercise 542. Let there 
be very little liquid in the cell. Arrange the 
plates so that their distance apart can be 
varied, either as indicated in fig. 420, or in 
any other convenient way. 

Join the cell in series with a key and a 
low-resistance galvanometer. 

(1) With the plates wide apart, and the 
liquid covering only a small part of the 
plates, make the circuit and read the galvan- 
ometer. 

Add more liquid, and again read the gal- 
vanometer. 

Continue to add liquid and take readings 
until the cell is nearly full. 

The deflections show a steady increase. 
This is due to the decreasing resistance of the 
cell as the area of the working part of the —‘ Fig. 420.—To show the Resistance 

ae of a Cell 
plates is increased, % 

(2) Bring the plates nearer together in 
successive steps, and note the further increase in the deflection. 
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Thus a cell offers resistance to the passage of a current in the » 
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same way as a wire does, the resistance being proportional to the 
distance apart of the plates, and inversely proportional to the 
sectional area of the cell. The resistance of a Grove’s cell is small, 


because the plates are large and close together. 


370. REGULATION AND COMPARISON OF CURRENTS 


Ex. 562.—Set up a circuit consisting of a constant battery, a key, a tangent 
galvanometer, and a set of resistance coils in series. 2 

(1) «With a high resistance in the circuit obtain a deflection of, say, 30°. 

(2) Lessen the resistance in the circuit so that the deflection is, say, 45°. 

Compare the values of the currents in the two cases—tan 30° = ‘577; tal 
45° — 1, The currents were in the ratio of ‘577 to 1. 3 

(3) By altering the resistances obtain currents of various strengths, and com 
pare their strengths. (For table of tangents, see p. 408.) 

Ex. 563.—Arrange a circuit consisting of a single constant cell, a key, 
sensitive galvanometer, and a set of resistance coils in series, and repeat tk 
operations of Exercise 545. Arrange for all the deflections to be small—5°, 10 
15°. Then approximately the currents are proportional to these deflections, 


< In the two preceding exercises it must be remembered that th 
galvanometer wire, the cell, and #he other wires are offering © 
sistance, so that if the resistance of the coils be halved, the who 
resistance in the circuit has not been halved. 


CHAPTER XLVI 


e 


_ Heating and Electrolytic Effects of 
a Current 


371. The passage of an electric current through bodies affe 
the bodies themselves in various ways. One effect is to ma 
them warmer. 


Ex. 564,.—Place three small slips of wood about the size of a match rot 
the bulb of a thermometer, and wind closely round the slips about half a me 
of the thinnest cotton-covered wire available. If necessary bind the coil on ¥ 
tape, leavipg its bare ends projecting. 

To the ends of the thin wire join lengths (called leads) of thicker wire. 

Place the thermometer in a test tube, and read the temperature. 

Connect the leads to the terminals of # cell, and observe the thermomete 
the current continues to run fqr a few minutes. 
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Ex. 565.—Wind a spiral of thin wire, preferably of iron, tin, or platinoid, on 
a piece of thin glass tube, and pass the tube through the stopper of a test tube 
into a little liquid, as shown in fig. 421. The arrangement 
is an air thermometer. See that the stopper is air-tight. 

By leads of ordinary copper wire connect the spiral to 
the terminals of a cell, in whose liquid is placed a mercury 
thermometer. 

As the current passes, note both thermometers. 

Considerable heat is developed in the coil, and the cell 
also will in a few minutes rise in temperature. 


Suitable arrangements show that heat is de- 
veloped in every part of the circuit through which 
the current passes, and that the temperature rises 
most where the resistance is greatest, and rises 
least where the resistance is least. 
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Ex. 566.—(1) Join in series a battery of two or three 
Grove’s cells, a key, leads of copper wire, and a piece of Fig. 421, Heating 
fine wire of platinoid, iron, or tin about 6 or 8 cm. long. gir by an Electric 
Support the terminals of the fine wire so that it touches ,Current 
nothing. , 

. When the current passes, the wiregnay be made red-hot. Thin tin wire miy 
be melted. 

(2) Remove the fine wire, and for an instant bring the ends of the copper leads 
within about ‘2 mm. of each other. A spark leaps across a narrow gap of this 
kind. This spark, exactly like that obtained from the electrified rod in Exercise 
515, again indicates that frictional and voltaic electricity are the same. 


If the ends of a short chain, consisting of alternate links of fine 
silver and platinum wire, be connected to the terminals of a battery 
or two or three Grove’s cells, the platinum links become white-hot, 
while the silver links, although warm, are not hot enough to give 
out light. The reason of the difference is that the 
platinum wire offers much more resistance than 
the silver, while its specific heat is less, thus more 
heat is produced in the platinum, which also 
requires less heat than the silver to make it hot. 


372. THE ELECTRIC LIGHT.—An incan- 
descent electric lamp merely consists of a very 
thin wire made of metal or carbon enclosed in a 
vacuous bulb. 

Pig. 422 shows a 4-volt Osram lamp. When 


‘ Fig. 422e—An Incan- 
the terminals of a battery of three Grove’s cells ~ descent Lamp 


are joined to the terminals of this lamp the ; 
wire inside becomes white-hot and emits a brilliant light. 
(0 405) ° 27 
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The leads of the lamp are made of thicker wire, which keeps 
comparatively cool. 

The electric lamps ordinarily used in houses contain a longer 
wire and require a stronger battery. 

Two carbon rods mounted on a stand, as shown in fig. 423, form 
a simple are lamp. Each rod is ina metal holder, which is joined 
by thick wire to one of the terminals on the base of the instrument. 
A strong current, such as is produced 
by forty Grove’s cells in series, passed 


e Fig. 423.—A Primitive Arc Fig. 424.—The Carbons of an Are Lamp 
Lamp in Action 


through these carbons produces an are light. The carbons ar 
first placed in contact, then the current is started. The ends ¢ 
the pointed carbon rods get white-hot. The rods are then draw 
a short distance apart. A spark leaps across the gap and volatiliz 
some of the carbon, which glows and forms a very hot flame, bi 
does not give out much light. The ends of the carbons becon 
intensely hot and bright, and give out a brilliant light. 

Fig. 424 shows the appearance of the carbons after the lamp h 
been burning for some time. The current is passing from # 
upper to the lewer carbon, and from the upper carbon particl 
are, volatilized and torn away so that 7% forms a crater. Me 


~ ~ ~ ~ ¢ 
of the light is emitted from this crater. 
. 
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The current required for electric lighting is usually supplied 
by a dynamo. 


373. FUSES.—In houses where electricity is used for lighting, 
heating, or to drive machinery, it is necessary to protect the build- 
ing from risk of fire or accidents, which might 
be caused if from some disturbance of the circuit 
there were a sudden great rush of current. This 
is effected by using a fuse. In its simple form a 
fuse is a short piece of tin wire (fig. 425), which 
is placed in the circuit where the current enters 
the building, so that all the current that comes in 
passes through the fuse. Tin melts at about 235° 
C. If, then, from any cause the current becomes 
too strong, the fuse wire quickly becomes hot, 
melts, and breaks. (Exercise 566.) The current 
is thus stopped altogether. 


Fig. 425.—A Fuse 

374. ELECTROLYSIS.—Since currents pass ° - 
through the cells that produce them, some liquids are conducters 
of electricity. , ; 

In Exercise 542 it was noticed that bubbles of gas appeared on 
the copper plate of the cell. 

Anyone who has used a Grove’s cell has noticed the smell and 
the gaseous fumes arising from it. 

We now have to examine the effect when a current of electricity 
is passed through liquid contained in a separate vessel. Suchea 
vessel fitted up for this pur- 
pose is called a voltameter. 

Fig. 426 shows a water 
voltameter joined to two 
Bunsen cells. 

The water voltameter 
consists of a glass vessel 
standing on a base; two 
wires, each connected to a 
terminal on the base, lead 
to two small platinum plates Fig. 426.—The Water Voltameter 
called electrodes at the 
bottom of the vessel: over each of the electrodes is placed a large 
test tube or a burette. It is better for the tubes to be graduated. 


Ex. 567.—To prepare for use, the voltameter is filled with dilute sulphuréo 
* 


» 
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acid (see Exercise 541) to a level above the top of the electrodes. The two tubes 
are filled with the acid and then placed mouth downwards so as partly to cover 
the electrodes. They may be kept in position by putting a rubber ring round 
each and passing them through two holes in a piece of wood, or by fixing them in 
a retort stand. There should be no air left in the tubes. 

The battery must consist of not less than two Grove’s, or Bunsen’s, or bichrom- 
ate cells; or of three other cells arranged in series. It is better to use three or 
four cells. 

Arrange the battery, voltameter, and a key in series to form a circuit. Note 
which is the positive pole of the battery. The electrode joined to this pole is 
called the anode; the electrode joined to the negative pole of the battery is called 
the cathode. When all is in order, close the circuit by means of the key and note 
the time. Which way is the current passing through the voltameter? From 
anode to cathode or the opposite ? 

On watching the electrodes bubbles of gas are seen on each. Note the differ- 
ence between the appearances of the electrodes. From which electrode does the 
most gas come off ? 

When sufficient gas has collected, note the time the current has been passing 
and the comparative quantities of gas in the two tubes. 

Repeat this observation three times, until one of the tubes is nearly full of 
gas. Is this the cathode tube or the anode tube? 

. Remove the cathode tube, keeping it mouth downward, and apply a lighted 
nfatch to the end of the tube. The gas that burns thus is hydrogen. 

Remove the anode tube, invert it, and apply to its mouth a piece of wood that 
has been lit and then blown out, so that it is still glowing. The gas that thus 
acts on a glowing ember is oxygen. 


By the passage of the current through it, water has thus been 
split up into hydrogen and oxygen. The process is called electroly- 
sis. Any liquid that behaves in this way is called an electrolyte. 
The two substances that result from the decomposition are called 
ios. 

The observations made indicate that, estimated by volumes, 
water contains twice as much hydrogen as oxygen. 

They also show that the quantity of gas produced is propor: 
tional to the time during which the current was passing. 


375. ELECTROPLATING. 


Ex. 568,.—Take two strips of copper plate about 10 em. long and 5 em. wide 
so that they will conveniently stand in a beaker, as the two plates stand in fig 
384 (1). 

Clean the plates; scratch a distinguishing mark on each; weigh them; attacl 
a terminal to each. 

Prepare a battery of two cells in series. 

Pour into the beaker some copper sulphate. Place the two plates in th 
liquid so that they do not touch. This is a copper voltameter. Oonnect th 
voltatneter to the battery. Allow the currént to run for about half an hon 
‘Note which plate is the cathode. 


OHM’S LAW 397 


Take out the plates and examine them; do not touch the parts that have been 
in the solution. The new deposit on one plate is copper. Is the deposit on the 
anode or cathode?) (Compare Art. 350.) 

Allow the plates to dry slowly. When quite dry, weigh again. Which plate 
has gained in mass? How much? Has the other plate lost in mass?) How much? 


Thus when a current of electricity passes through a liquid which 
is, or which contains, a chemical compound, the liquid is decom- 
posed by the passage of the current, and there appear at the 
electrodes entirely different substances. When one of these su 
stances is a metal it is deposited on the cathode. This process is 
electroplating. The cathode in Exercise 568 was electroplated 
with copper. If silver nitrate had been used as the liquid the 
cathode would have been electroplated with silver. 


CHAPTER XLVII 


Ohm’s Law -°@ 
376. ELECTROMOTIVE FORCE. 


Ex. 569.—(1) Set up a circuit consisting of a Daniell’s cell, a sensitive gal- 
vanometer, and a high resistance in series. 

Alter the value of the resistance if necessary until the deflection of the gal- 
vanometer magnet is about 15°. Suppose it is a’. 

(2) Leaving the remainder of the circuit exactly as it was, replace the Danielljs 
cell by a bichromate cell. The deflection now is b”. 

Proceed in an exactly similar manner with a cell of each type that is available. 


Each cell produces a different strength of current. But there 
was no difference in the external circuit, so that the difference was 
due to the difference in the cells. They possess different current- 
producing powers under the same conditions. This is expressed by 
saying that they have different electromotive forces. ‘The electro- 
motive force of a cell depends entirely and only on the materials 
of which the cell is made, and not on its size. 

Ex. 570.—Set up a circuit consisting of a high resistance, a galvanometer, 
a key, and a cell. The deflection is a”. 

To the single cell add another cell of the same kind in series with it, making 
no other difference in the circuit, sf 

The deflection 4° is now greater. From the deflections compare the currents. 


The second current is twice as grea’ as the first. ° 
Use three cells in series, and make a further comparison, +f 


fad 


398 . MAGNETISM AND ELECTRICITY 


As the only change is in the battery, the increased current must be due to the 
greater current-producing power of the battery. This is expressed by saying that 
the electromotive force of cells in series is the sum of their separate electro- 


motive forces. 


Ex. 571.—Using the same circuit as in the last exercise, arrange the two 
cells in parallel. The deflection is now a’. 

Repeat the experiment with three cells in parallel. 

The electromotive force of cells in parallel is the same as that of a single cell. 


* 377, THE POTENTIOMETER.—A potentiometer in its sim- 
plest form is a long wire of high resistance fixed on a board beside 


Fig. 427.—The Potentiometer 


a *nillimetre scale, as shown in fig. 427, where for convenience the 
wire is shown in two parts, each 100 cm. long. The two parts 
of the wire are shown connected by a thick piece of metal whose 
resistance is so small that it need not be considered. 

Platinoid or manganin is the best material for the wire. 

The ends of the wire are fastened to two terminals A, B, by 
means of which it can be placed in any circuit. 


“ Ex. 572,—Arrange in series (fig. 428) a steady battery B, a key K, and the 


Fig. 428 


potentiometer wire AZ. 

To the terminals of a sensitive galvan- 
ometer G attach two wires each about 
1m. or 2m. long. Taking the free ends 
of these wires in your hands, press them 
on the potentiometer wire, one at & and 
the other at F, a few centimetres apart. 
Arrange the distance EF such that there 
is a readable deflection of the galvano- 
meter needle, 

Try the same length EF at different 
parts of the potentiometer wire. Is the 
deflection always the same? 


This experiment shows that the points E and F are not in the 
same electrical state. This difference of electrical state is such as 
to cause a current to flow from one “point to the other when the 
points are joined by a copductor, and is called a difference o 
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potential. Difference of potential is the same kind of property 
as electromotive force. 


Ex. 573.—Make the length EF successively several different values, and read 
the current in the galvanometer for each of the lengths EF. 
Compare the different values of the length EF with the different deflections. 


They show that the difference of potential between the two 
points E and F is proportional to the length EF, that is to the 
resistance of the wire between the points 5, F, as the wire is exactly 
the same all along its length. If E and F are at the same point no 
current fiows through the galvanometer, because there is no differ- 
ence of potential between its terminals. 

These facts are used to compare electromotive forces and 
resistances. 


Ex. 574.—To compare the electro- 
motive forces of cells. 

Arrange in series (fig. 429) a battery 
c¢ of two or three constant cells, a key K, 
and the potentiometer wire AZ. To this 
attach, as shown, another circuit consist- 
ing of a single cell E, a sensitive galvano- 
meter G, a key H, and a wire HF, of which Fig, 429.—Comparison of the Hlectromotive 
the end F is left free. Forces of Cells 

The positive poles of both batteries 
must be joined to the same point A; and the circuits must only be kept made 
when actually required. 

Close the key K, then the key H; then place the free end F of the wire HE 
on the potentiometer wire. Try F in different positions along Az until the gal- 
yanometer G shows no deflection. Read the length ar. 

Repeat the operation with a different kind of cell at £, and obtain simil&rly 
a length Ar’. e 

Then the electromotive forces of the cells are as AF to AF’. The reas@én fog 
this is easily seen. Since the galvanometer in each case showed no deflection, the 
electromotive force of the cell # was just sufficient to counterbalance that which 
the battery o produced at the two points. — : 


The values of the electromotive forces of cells are expressed in 
volts, The volt is the unit of electromotive force. It is very 


nearly equal to +4 of the electromotive force of a Daniell’s cell. 


The electromotive forces of cells are approximately as follows:— 
Daniell ... 1:08 volts Bunsen ... 19 volts 
(Grove ek Oe 5y Bichromate ... 1°9 ,, 


The standard cell by which others are measured is tlee Clark cell, 
whose electromotive force is 1°434 volts when made in a special 
monner. ‘i . 


— 
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378. MEASUREMENT OF THE RESISTANCE OF WIRES. 


Ex. 575.—To obtain an idea of the unit of electrical resistance, cut off one 
of the following lengths of wire, silk or cotton covered :-— 


Size. Diameter. Length. 
German silver ae OD ake eas 71 mm. sae 175 cm. 
Copper Ai ee OS se eee "87. >) eee 693 ,, 
Manganin __... as O28 a ares Vi: 69 ee 2 42 


using whichever wire is available. Wind the wire on a reel and affix terminals — 


to its ends. 
e 


The resistance offered by the wire thus cut off is (approxi- 
mately) the unit of resistance. Its name is the ohm. Wires whose 
resistance is exactly 1 ohm are sold by makers. All other resistances 
are measured by comparing them with the resistance offered by 
such a wire, and are expressed in ohms. The comparison is best 
-made by means of the apparatus called a Wheatstone bridge. The 
method of making the comparison is precisely the same, whether the 
resistance chosen as the unit or standard is an ohm or some other 
resistance which it may be more convenient to use. 


: 379. THE WHEATSTONE BRIDGE.—A simple form is 
shown in fig. 430. A long wire is stretched in front of a metre 
scale, and is joined at the ends to thick copper bands. Along the 
other side of the metre scale is a long copper band, between which 
and the end pieces are two gaps. The resistance of these copper 
bands is so small that it may be neglected. 

. The two resistances to be compared are placed in the two gaps. 

Along the wire moves a slider, by means of which contact can 
be made with the wire at any point, as was done in Exercise 574. 

Fig. 431 shows the arrangement of the circuits of a Wheatstone 
bridge set up for the measurement of resistance, B representing a 
constant battery, G a galvanometer, R the standard resistance, and 
r the resistance to be measured. A comparison of figs. 430 and 431 
will show the points of the junctions of the wires to the bridge. 

Suppose the circuit to be made, but the galvanometer contact A 
not made. Then current enters at C and runs along both paths 


«CRErD and CAD back to the battery. 


Then, as shown in Exercise 573, the potential at E is lower than 
the fall of potential between c and E 
__ the fall of potential between & and D 
which, we will call? = Tesistance R 

q resistance 7 


+ 


atc and higher than at D, and 
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Fig. 430 
Fig, 431 
The Wheatstone Bridge, and its Circuit 


Now there must be some point along the wire CAD where the 
potential is the same as at E. Suppose it is found to be at A. 
Then 


the fall of potential between Cand A _ p __ resistance R 


the fall of potential between AandD 4 _ resistance 7 
But also length cA ee 
length AD q 
He resistance R _ length CA z 
resistance 7 length AD 


. . * 
One terminal of the galvanometer is connected to &, and thes 
+] 


A 
* 
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j 


other to A. The correct point A is found by trial, when no curren 
flows through the galvanometer. 


Ex. 576.—(1) Using the Wheatstone bridge and a suitable standard re 
sistance at R, place at 7 successively different measured lengths of the sam 
kind and size of wire. Measure their resistances, and show that the resistance 
of these wires are proportional to their lengths. 

(2) Place at successively wires of the same material and the same length 
but of different measured diameters. Measure the resistances of the wires an 
skow that they are inversely proportional to their sectional wreas. 

(3) Place at 7 successively wires of different material, but of the same lengt 
and diameter. Measure their resistances and compare them. Each materis 
offers a different amount of resistance to the passage of the current; that 1 
each has a specific resistance. | 

Ex. 577.—Place a coil of wire in cold water, and by the method of Exercis 
576 measure its resistance in ohms. Make the'water hot and measure again th 
resistance of the wire. It has increased. 


Ex, 578.—Measure the resistance of two wires separately. Suppose they al 
7”, and r, Fasten the wires together in parallel (fig. 432), and measure tl 


resistance of the combination. Suppose it is k. Show that af + x 
"1 


Fig. 432. Arrangement of Wires in Parallel 


380. OHM’S LAW.—In Art. 377 was given a practical idea 
the volt, and in Art. 378 of the ohm. The exact definition of t 
whm is the resistance offered by a column of mercury whose leng 
ise106°3 cm. and sectional area 1 sq. mm.; and of the volt that it 

“a 
1434 

When a difference of potential of 1 volt is caused to exist 
the terminals of a wire whose resistance is 1 ohm, then the curre 
that passes through the wire has a strength of 1 ampere. 1 
ampere is the unit of current. 

In Exercise 569 a rough comparison between the electromoti 
forces of cells was made by means of a galvanometer. A spe 
form of galvanometer called a voltmeter is made which measu 
electromotive forces accurately in volts. 

In Exercise 562 the strengths of different currents were © 
pared by means of the tangent galvanometer. A special form 
galyanometer, called an ampere-metey or ammeter, is also made 


e which currents are at once measured in amperes. 
« 


of the electromotive force of a Clark standard cell. 
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It was shown in Exercise 570 that the greater the electromotive 
force in a circuit the greater was the current. Exact experiments 
show that the strength of the current that flows round a circuit is 
proportional to the electromotive force in the circuit. Also exact 
experiments made on the principle of Exercise 560 show that the 
current in a circuit is inversely proportional to the resistance of the 
circuit. 

When current is measured in amperes, electromotive force jn 
volts, and resistance in ohms, these two important principles are 
summed up in Ohm’s law:—The current in any circuit is equal 
to the electromotive force divided by the resistance. C = E~+ R. 

Example.—A circuit consists of two Daniell’s cells in series, each having an 
electromotive force 1°08 volts and resistance ‘9 ohm; a galvanometer whose 
resistance is 27 ohms; and a coil whose resistance is 43 ohms. Find the strength 
of tke current in the circuit. 


Electromotive force 1°08 x 2 = 2°16 volts. 


Resistance (‘9 x 2) + 27 + 43 = 71°8 ohms. 
ee Current = a = ‘03 ampere, . 


» 

Ex. 579.—Additional exercises in Current Electricity. Z 

(1) Make a circuit consisting of a constant battery, a key, a galvanometer, and 
two resistance coils, in series. Alter the order of the arrangement, so as to get 
the’ galvanometer in different positions in the circuit. Is the strength of the 
current the same all round the circuit? 

(2) Show experimentally that the deflection of the needle of a galvanometer, 
when a current passes round the coils, does not vary if the strength of the needle’s 
magnetism is changed. 

The reason is that the deflecting force and the restoring force (Arts. 143 and 
360) both depend on the strength of the magnetic poles of the needle ; and doth 
these forces are altered to the same extent when the needle’s magnetism is alt@red. » 

(3) Endeavour to perform Exercise 567 with a single Daniell’s cell. The 
result shows that it requires an electromotive force greater than 1°08 vélts to 
electrolyse water. Try whether the electrolysis can be effecfed with a single 
Grove’s or Bunsen’s cell. 

(4) To make a small accumulator. Take two lead plates, and place them 
opposite each other in a solution of sulphuric acid, as in fig. 384 (4). Connect 
each plate to one of the terminals of a battery of two or three cells. Electrolysis 
proceeds as in Exercise 568, Note the direction of the current, and mark the 
cathode plate. Allow the current to run for an hour or more, and then remove ,, 
the battery and put a galvanometer in its place, The two lead plates in the acid © 
now act as a cell, and send a current. This form of cell is called an accumulator. 
Find out whether the cathode is the positive or the negative plate. 

(5) Calculate the resistance of a single wire which is equivalent*to an arrange- 
ment of two wires of resistances 5 ohms and 10 ohms respectively, placed in 

parallel. , . . 


(5) In & room A is a battery. From its terminals wires are led into ar other 
a 
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room B. How could a person in room B determine which wire was connecte 
the positive pole of the battery? (Arts. 356, 374.) 

(7) A short iron rod is laid across the ring of a tangent galvanometer 
which a current is passing. What is the magnetic condition of the rod? 

(8) To show the damping effect of induced currents. Set the magnet of 

e vibration magnetometer swinging through an are of convenient size (say 30°), ant 
find the total time that it takes in coming to rest (é). 3 

Place underneath and close to the magnet a plate of copper or brass ; or, 
more convenient, place beside one of its poles a coil of wire which has its 
jomed. Set the magnet swinging through the same are, and find the time 
takes ineoming to rest (¢2). 

The reason why ¢2 is smaller than ¢, is that the currents induced in the 
or coil by the motion of the magnet exercised a force which opposed that motior 
(Art. 169). 

(9) Make a circuit consisting of a battery of two similar cells, a key, and | 
galvanometer all in series; note the deflection of the galvanometer needle. Tun 
one of the cells round, so that the two are arranged thus: Copper: zine joine 
, to zinc: copper. What deflection does this battery give? Why? oe 

(10) To compare the electromotive forces of dissimilar cells. q 

Take two cells, suppose a Grove and a Daniell. Arrange them in series wit 

. a suitable resistance, a key, and a tangent galvanometer. : 
(a) so that the cells help each other: deflection a°; s 
ie (b) so that the cells oppose each other: deflection B°. 3 

Then if E, and E, are the electromotive forces of the cells, 3 


E, + Ee tan A 
E— FE, tanB 
E, _ tan A + tanB 
"¥ tana — tanB 


(11) Make, and explain the action of, a floating battery. (Refer to fig. 34 
and Exercise 549.) 
Pass a strip of amalgamated zine and a strip of copper through a large all 

e To the upper ends of the strips attach the ends of a helix of wire of as man 
turns as possible. Float the cork on dilute acid contained in a large vesse 
so that the plates are in the acid and the helix in the air. Bring up a pole « 
a bar magnet clost to each end of the helix in turn. Explain the effects observe 

(12) To measure the resistance of a galvanometer, that is, of its coil of wire. 

Proceed as in Exercise 576. At R put a standard coil whose resistance 1 
ohms is known. At r put the galvanometer coil, placing the instrument so thi 
its coils are at right angles to the magnetic meridian. The adjustments and ca 
culations are as in Article 379. 

(13) To shunt a galvanometer. 

Knowing the resistance + of the tangent galvanometer, prepare (from F 
information of Art, 378) a coil of wire whose resistance is }r. 

Connect the galvanometer to a battery, and read the deflection (a*). Fi 
tan A. = 

Leaving the arrangements otherwise as they are, connect the ends of t 
prepaned coil to the terminals of the galvanometer; read the deflection f 
Bind tan B. oa 


; . 
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Compare tan A with tan B. What is the ratio between them? 

The prepared coil thus used is called a shunt, and the galvanometer is said 
to be shunted. Only yy of the whole current now passes round its coil. 

By shunting a galvanometer, it may be used to measure much stronger cur- 
rents than it could carry when unshunted. 

(14) To find approximately the reduction factor of a tangent galvanometer. 

Set up the circuit of Exercise 572. Let the battery B be a single clean 
Daniell’s cell freshly made up. 

From the information given in Art. 377, find two points £ and F on the 
potentiometer wire whose difference of potential is 1 volt. Put the terminals pf 
the galvanometer whose resistance is known (7 ohms) in connection with E and F, 
The deflection is a°; find tan A. From Ohm’s law, the current flowing round 


the galvanometer is : amperes, and this gives a deflection of a°. Calculate the 
r 


value of 3 Then + = # tan A, whence « can be calculated. Find « The 
value of any other current flowing round this galvanometer and giving a deflection 
of, say B’, is found in amperes by multiplying tan B by the value of z. ; 

(15) You have three cells, the resistance of each of which is 2 ohms, and a 
coil of wire whose resistance is 12 ohms. Calculate the current which this battery 
would send through the wire (a) with the cells connected in series, (b) with the 
cells connected in parallel. : 

(The resistance of the battery (k) when its cells are joined in parallel is fougd 
from the formula obtained in Exercise 578, viz. 

1 1 


Y 


+ 1 + 1 where r = 2 ohms.) 
rf 


(16) A circuit consists of a battery, a tangent galvanometer, and leads, its 
total resistance being 4 ohms. The galvanometer then shows a deflection of 48”. 
A coil of wire is then put into the circuit, and the galvanometer deflection 
diminishes to 24°. Explain why the current is now smaller, and calculate b 
Ohm’s law the resistance of the coil of wire. > 

(17) To show that the quantity of heat developed in a wire by the passage of 
a current is proportional to the resistance of the wire. oy 

Prepare two coils of fine wire (A and B) of the same material and diameter, 
but making B twice as long as A. . 

_ Place A and B in separate beakers or calorimeters that contaén the same mass 
of water and a thermometer. The water must cover the coils. 

Make up a circuit consisting of a battery of three or four cells, a key, and the 
two coils, all in series. Read the thermometers. 

Let the current flow for several minutes: read the thermometers, and compare 
the quantities of heat produced in the two beakers. 

Make a set of experiments with different values of the current. 

(18) To show that the heat developed is proportional to the square of the 
current. 

_ Take one of the coils prepared for the previous exercise, and place it in a 
known mass (m grm.) of water, Put the coil in series with a battery of two or 
three cells, a resistance coil (r), and a tangent galvanometer. Let the current 
- run for a measured, time ¢; read the galvanometer deflection (A”), and figd the 
heat (#,) developed in the wire. ° 
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Using the same coil of wire in a fresh mass of m grm. of water, alter the 
battery-or the resistance 7 so as to obtain a different current. Let this current 
run for the same time ¢ as before, and again find the heat (Hp), and note the 
deflection (B°) of the galvanometer. 

Repeat the operation with another different value of the current, and obtain 
H; and the deflection Db’. 


Find the ratios: He Hs 


Hy 
(tan a)” (tan B)” (tan D)” 

Careful experiments show that these ratios are equal. The heat developed in 
a wire by the passage of a current is proportional to the square of the strength 
of the current. 

(19)°To show that is proportional to c’n. Take a coil of wire and measure 
its resistance R. Set up the circuit as in experiment 18 above, and determine H, 
and tan A°. 


Find the ratio _" _.. 
R (tan a)? 

Make the same measurements with different coils of wire, and find the corre- 
sponding ratio for each experiment. 

If the work is accurately done the ratios are very nearly the same. 

(20) To determine approximately the resistance of a battery. 

Make a circuit consisting of the battery whose resistance we will call a ohms, 
a key, a tangent galvanometer whose resistance is known (7 ohms), and a coil of 
v@re whose resistance is known (7; ohms). Note the galvanometer deflection (A’). 

Replace the coil 7; by another whose resistance is known (7; ohms). Note the 
deflection (B°). 

. Then, if z is the electromotive force of the battery 


gtanA = aes US 
r+i+a 
and «tan B = ——_; 
r+Mm+a 
e 
tan A _ *+% +4 
. *" tan B r+n+a 


* 


whence all the quantities except a being known, a can be calculated. 

The experiment only gives satisfactory results when the resistances are it 
suitable proportidns, Select a battery whose resistance is not very small, and try 
several values of 7, and 7». 

(21) Make an electromagnet (Art. 347), and remagnetize the steel magnets 
Use a strong battery. 

Determine the poles of the electromagnet (Art. 312). Put the north pole o 
the bar on the north pole of the electromagnet, and draw it steadily along th 
whole length of the bar. Then draw the bar across the other pole of the-electro 
magnet in the opposite direction. Repeat both operations many times, on botl 
sides of the bar. 


. “a 
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1. Force of Magnetic Attraction.—Measure in grammes weight the force of 


attraction between a magnet and its keeper. 

Attach a dynamometer to the keeper of a magnet (see fig. 1). 
Fix the magnet firmly, and see that the line of pull of the dyna- 
mometer is at right angles to the end faces of the magnet. Pull 
steadily until the keeper leaves the magnet. Take several read- 
ings of the dynamometer, and find their mean. 

Place a piece of paper between the magnet and the keeper, 
and again find the mean attractive force. ° 

Increase the thickness of the paper layer, and repeat the 
observations. 


The readings show that the force of attraction be- 
tween a magnet and its keeper diminishes as the dis- 
tance between them increases. 

2. Action and Reaction.—When one body acts for- 
cibly on another we often direct our attention only 
to one of the bodies. But both are affected, and 
forces are called into play in opposite directions. 

Repeat exercise, par. 1 above, first attaching the dynamo- 
meter to the keeper, and having the magnet fixed ; and secondly 
having the keeper fixed, and applying the dynamometer to thg 
magnet. Compare the pulls in the two cases. If gravity is act- 
ing on one of the bodies, its effect (i.e. the weight of the keeper 
or magnet hanging on the dynamometer) must be subtracted 


from the pull registered by the dynamometer, in order to get the 
magnetic force alone. 


Thus not only does the magnet attract the iron, 
but the iron attracts the magnet exactly as much. 
The attraction is mutual. 

When one body acts forcibly on another we often 
direct our attention only to one of the bodies. 


Fig. 1.— Mea-® 
surement of the 
Force of Mag- 
netic Attraction 
® 


But both are 


affected, and férces are ealted into play in opposite directidns. . 
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Take a tall vessel with a hole closed 
by a cork or tap near the bottom of the 
vessel, fig. 2. 

Fill it with water and float it upright 
in a larger vessel of water. | 
On opening the tap, water flows out, 
and the vessel moves backward in a direc- 
tion opposite to the flow of the water. — 
The pressure of the fluid in the vessel 
forces out a jet of water, and at the same 
time a pressure is produced in the opposite 
direction. 


This result is similar to that 
which occurs in the firing of a gur 
loaded with ball. The ball is pro 
pelled forward and the rifle back 
ward. The “kick” back of a rifle 
is very decided. In large guns 
such as those used on war ships, the recoil of the gun is very great. 

If you strike an object with your hand you feel that the effec 
igthe same as though the object struck you. 

f a glass flask be knocked against a stone the effect is the same 
as if the stone were knocked against the flask. 

When a force is exerted on the spring of a dynamometer so a 
to extend it, the*spring exerts a force in the opposite direction. 

In many cases it is not so obvious that there is a second fore 


Fig. 2.—Recoil of a Discharging Vessel 


- acting against the first. A book placed on a table presses on th 


c 


e 


table. But the table must press back against the book: otherwis 
the book would fall under the influence of the force of gravitation 
Ifa man stand on a piece of board, upward from which project tw: 
handles, he cannot by lifting vertically raise himself and the board 
The*upward pull which he exercises with his arms is exactly cour 
teracted by an increase in the downward pressure transmitte 
through his feet. 

3. To take times of vibration accurately, it is better that ther 
should be two observers—one to count the oscillations of the swing 
ing body, the other to record the time. 

The oscillation observer makes a sharp tap on the table whe 
the vibrating body passes the middle point of its swing. Both ol 
servers then commence counting—one the oscillations, the othe 
seconds. kn the case of a swinging magnet the counting shoul 
continue until the oscillations are quite small. The oscillation ol 
servér then makes another tap when the magnet is passing the midd 
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point of its swing in the same direction as at first. Then the number 
of seconds is divided by the number of complete double oscillations. 
This gives ¢. 

4. The Tangent Law.—There are several examples occurring in 
physics in which a body is caused to take up a position under the 
action of two forces or couples at ir Bape angles to each other. This 
ease should be studied. 


At the centre of a circle fixed with its plane vertical, and having one qvad- 
rant divided into degrees 
(fig. 3), mount a strip of 
wood by a pin B so that 
the strip or “needle”’ can 
rotate easily. 

At a point D suspend 
from a pin a weight E. 

To the same pin 
fasten another thread 
which passes over a 
pulley L and supports a 
weight K. 

‘ Place a small weight 
> K. See that the two 
reads are exactly at 
/right angles to each 


: Fig. 3.—Two Forces at Right Angles to each Other 
other; the arm AH is turning a Lever through an Angle 

deflected from the verti- 

cal. Measure the angle anc. The moments round B are the force K multiplied 
by the arm Br, and the force & multiplied by the arm pr. These are equal. 
Record thus :— 


=] 


Horizontal Vertical Deflection of Ratio of Tangent of 
Force. Force. Needle. Forces. Angle ABC. |” 2 
K E Angle ABO = a 


Take several observations of this character with different values of Kk, so 
as to obtain different values of the deflection anc, and for each observation com- 


pare = with the tangent of ano, which is ~ ' 


The observations show that— 


K 
ibs tan ABC; or & = EX tan AB, 


This result is the basis pf measurements made by the tangent 


galvanometer (Art, 360). i 
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TABLES 


TABLES 


MENSURATION 


= $1416; x2 = 9°87; 1-318; Ve = 177. 
rT 


Circumference of circle = 2rr = rd. 
Areas 

Triangle, base 6, perpendicular height h__.... = tbh 
begs ostomy base 8, asi. ae h = bh 
Circle = 4rd? 
Sphere ... = 4rr? 
Curved surface of right cylinder, radius t, height k- = 2mrrh 
Curved surface of right cone, radius 7, slant height hy = mrh, 

Volumes . 
Rectangular body, edges-a,%, ¢. ie = abe 
Pyramid, area of base a, pérpbudicular height h = 4ah 
Prism and cylinder, area of baséa,.altitude h = ah 
Cone, radius of base ¥ eee h re anc arr 
Sphere ... wee gee, nee aes a oer 


RicrPRocats OF NUMBERS 


Numbers whose recigeecnls 4 are obvious are omitted. 


Reciprocal. ; Rachococad No. * Recipkousl. No. 


1667 0476 [95 | 0286. | 49 
1429 0455 0278 f 51 
1250 0435 02702 | 52 
1111 0417 ‘| 38 | 0263" | 53 
0909 0385 89 °|--~“0956. ¥ | 54 
0833 0370 4 -o244~ | 55 
0769 0357 0238 56 
0714 0345 0233 57 
0667 0333 0227 58 
0625 0323 0222 59 
0588 0313 0217 604]. 
0556 0303" ° 0213 61 
0526 0294 0208 62 


0204 
0196 
"0192 
0189 
0185 
0182 
‘0179 
0175 
‘0172 
0169 
0167 
0164 
‘0161 


<i 2 
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ad SInES AND TANGENTS OF ANGLES 


For theevalues for the intermediate degrees take the mean of the prec 
and succeeding values. 


- DensiTy—Mass IN GRAMMES OF 1 Cus. Om. 


Alcohol (absolute) ae Tron er “_ sin 
Water at 4°C.—.. = ae Lead ... ich “— ae 
At... < sin ... 001293 | Marble.. = ant is) 


*| Aluminium 2°6 Mercury ‘ .. 138 
Beeswax “96 Oil of turpentine = SF 
Brass 8-4 Olive oil _ ae 
Brick . 21 Paraffin = wes o 
Copper... 87 Petroleum “88 
German silver 85 Platinum 215 
Glass (crown) 2°6 Sand (dry) 15 

» (flint) 29-59 | Silver ... 106 
Glycerine . , aoe Sulphur 20 
Gold : . 193 Tin 

e| Ice ... = oe Zinc 71 


ze Many of the values are approximate: different specimens vary. 
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CoErFICIENTS OF EXPANSION, PER Decree CENTIGRADE « 


Cubical. 


Brass a Sas ... 000018 | Alcohol oF oF ... 00108 
Copper -ab os ... 000018 | Glycerine... ee ... 00053 


Glass ius ts .. *000008 | Mercury a fe .. 00018 

Iron ... a ae ... 900012 | Olive oil a cas .. 000 J/° 

Platinum... oad ... ‘000009 | Turpentine ... at >. O81 ¢ 
i ... 000019 | Water : ... 0045 


a 
Speciric HEATSs : 
Air noe .. 24 WGlias... .. 16 | Olive oil... ee. | 
Alcohol ... ... ‘56 lycerine 6 Pein... .. Chale 
Aluminium a a Poe Ice eo Pe Petroleum rae. >| 
v| Beeswax... 5 3 Oe Tron &: Se ist 4 | Steam... oe “$8 
Brass... ... 094 WLead _.... ... 031 }/Turpentine Peay | 
Copper .. -.- “093 Marble ... nas he, | eee O58, . OBle 
Mercury ... en ~ 
> 
Some of these values are approximate, ns 
PRESSURE OF WATER VAPOUR, IN MILLIMETRES OF MERCURY 
s 
28°065 = 
29°7446 
31°510% ie 
41°784 
54:3 mi 
91°978 
148°88 
233°31 
525°47 
633°66 
760°00 
a 


62° C, Mercury .. tis 
gh 31° Paraffin ... ‘iis 
2: 4 tae ive ove 


a oer = ee a 


416 ) TABLES 


> 


£ BorLING-POINTS AND LATENT HEATS OF VAPORIZATION 


ee eee 
| 


Alcohol (Btls 78°C.| 216 | Mercury... .. | 357°C 62 
Benzene ... 80° . 93 Sulphur ... ... | 444° 362 
Cf| Ether... res fae 85 | Turpentine ..» | 156° 74 
=! Glycerine Be) ee = Water... ee ee 540 
ae 
« 
a" . Inpices oF REFRACTION (FROM ATR) 
£ 
a eee Tn 
. | Alcohol ... . 1:36 | Diamond ... 2% | Glycerine . 147 
Benzene ... =, Seb] Ether —... 1°35 | Ice 5h ia 
Canada balsam... 2°5 | Glass (flint) ... 16 | Water .. 133 | 
Glass (crown) .... 15 : 
\ . 
eS 
RELATIVE ELECTRICAL RESISTANCES 
oe Se 
mayer... ee 1 Platinoid, about in ek 23 
Poerer as Be ee ... 1:04 | Manganin, about oe jes 29 
TOR ... 66 | Mercury ‘ . 
16 Carbon, about . is ~~. oo 


German silver, about . 
Water more than 1000000. 


INDEX 
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a 
Absolute expansion of liquids, Candle power, 276. Declination, magnetic, 333- 
235- | Capacity for heat, aog. | Deformation, 106. * 
— unit of force, 170. ' -- of a vessel, 45. Degree, angle, 19. 
— zero of temperature, 233. | Capillarity, 69. — of temperature, 191. 
Acceleration, 159. | Capstan, 1 Density, 51, 408. 
Accumulator, 403. | Cartesian diver, 78. — modes of stewing: 52, 
Air, density of, 76. Cathode, 396. 64, 97 : 
— pump, 72. Cells, voltaic, 367. — of a gas, Bes = 
— thermometer, 233. Centigrade scale, 193. Deviation of light, 325. 
Ampeére, 402. Centimetre, 1. Dew, 226. « 
Amplitude of vibration, 153. Centre of gravity, 126. Diagonal scale, 13. ° 
Angle, 19. Charge, electric, 353. Diameters, measurement of, 
Annealing, 185. Chladni’s figures, 247. Vid ° 
Anode, 396. Circle, area of, 36. Dioptre, 312. As ~ 
Aqueous vapour in atmos- | Circuit, electric, 368. Dispersion of light, 4250 
phere, 224. Circumference, 9. Distillation, 181. 
Arc lamp, 394- Clocks, 152. Dividers, 5. » 
Archimedes’ principle, 63. Clothing, 199. Diving bell, 73. 
Area, 29. Clouds, 228. Divisibility As matter, 104 
Armature of dynamo, 387. Coefficient of expansion, 231, Dry cells, 374. < 
Astatic galvanometer, 382. 234, 238. Ductility, 103, 113. 
— magnet pair, 343- — — friction, 116. Dynamics, 106. 
Atmosphere, pressure of, 78. Coercive force, 337. Dynamo, 386. 
Atom, 105. Cohesion, 111. Dynamometer, 107. 2 
Atwood’s machine, 164. Colour, 325, 334- Dyne, 171. 2 
Combustion, 179. 
Balance, 23. Compass, ship's, 333- Earth, gravitation towgrds, 
Ballistic pendulum, 168. Component forces, 120. 110. 
Balloons, 97. Compressibility, 71. — as a magnet, 342. 
Barometer, 82. Compression pump, 72. Echoes, 254. o 5 
— standard height of, 86. Concave lenses, 315. Eclipses, 275. 2 
Baroscope, 97. — mirrors, 291. Effort, 131. 
Battery, arrangement of, Condensation of vapour, 226. Elasticity, 112, 114,88, 250. 
Pes 475. : Conduction of electricity, 357, Electric light, 393. a 
Beams, deflection of, 114. . Electredes, 395. 
Bell, electric, 369, 379- — — heat, 196. Electrolysis, 395. 
— vibration of, 245. — — sound, 248. Electro-magnet, 378. 
Bichromate cell, 372. Cone, 40, 45. Electro-motive force, 397; 399: 
Boiling point, 219. | — gauge, 8. Electrophorus, 360. 
Boyle's law, 93. | Conjugate foci, a96, 312. Electroplating, 396. 
Bramah press, 91, 176. Convection of fluids, rg9. Electroscopes, 354. 
Breezes, land and_.sea, 203. Convex lenses, 310, Equilibrium of forces, 118. 
_ Brightness, 264. — mirrors, 298. Evaporation, 218. 
Brittleness, 102, 114. Couple, 125. Exchanges, theory of, 206. s 
Bunsen burner, 180, Cryophorus, 223. Exhaust pump, 74. 
— cell, 374. Cube, 41, 39. Expansion, 186, ago, 
Burette, 48. Currents, ocean, 200, Extension, rot, 
= 


Calibration, 108, 48. 
Callipers, 8, 15. 

Calorie, 208, 

Calorimeter, 210, 

Camera, photographic, 320. 
— pinhole, 271, 
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Cyclones, 204. 
Cylinder, 40, 44. 


Daniell’s cell, 372. 

— hygrometer, 227. 

etd Berga solar, 151. 
ecimetre, 1. 


47, 


Eye, 3at. 
Eye piece, 318, 
bd ° 
Fahrenheit’s scale of tem- 
perature, 193. 
Flotation, 60.5  * 
Fluid pressure, 88, a 


29 
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Fluids, 7o. 

Focal length, 292, 310. 
Foci conjugate, 296. 
Focus, principal, 291, 310. 
Foot, 2. , 
Foot-pound, 174. 

Force, 105, 118. 

— pump, 87. 

Freezing mixtures, 217. 
— point, 192. 

Frequency, 243. 

Friction, 115. 

Frictional electricity, 351. 
— machine, 360. 
Fulcrum, 12x. 

Fuse, 395” 

' Fusion, 214. 

— latent heat of, 215. 


Galilean telescope, 319. 
Galvanometer, 379. 

— astatic, 382. 

— tangent, 361, 381. 

Gases, expansion of, 73. 
Glass, effects of heat on, 


184. 
™ Gold-leaf electroscope, 354. 
Gramme, 25, 46. 
Gramme-centimetre, 174. 
* Graphs, 9 
Gravitation, 110. c 
Gravity, acceleration due to, 


— centre of, 127. 
— specific, 52. 
Grove’s cell, 373. 
Gulf Stream, 2o1. 


Hail, 229. 

Hardness, rot. 

Heat, latent, 215, 220. 
«— quantity of, 207. 
— specific, 211. 

— unit of, 208. 

Hoar frost, 229. 
Horizontal, 17. 
Hydraulic press, 91, 176. 
Hyérometers, 66. 
Hy<ometers, 227. 
Hypsometer, 192. 


Illuminating power, 276. 
Images, formation of by 

apertures, 269. . 
———-—curved mirrors, 

293) 299. 
— — — — lenses, 313. 
— — — — plane mrtrrors, 285. 
— real and virtual, 310. 
— size of, 295, 299, 314- 
Incandescent lamp, 393. 
Inclined plane, 139. 
Index of refraction, 303. 
Indiarubber, extension of, 

107. 

Induced currents, 384. 
Induction, electric, 356. 
— megnetia 396. 
— coil, 387. ~ 

—— 145. 

nsulators, 357, 390. 
fenenity obhght 263, 
mverse proportion, 32. 


ee 
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Inverse squares, law of, 277, 
349: 

Lacecatnt 155° 

Keys, electric, 371. 


Land and sea breezes, 203. 

Lantern, optical, 320. 

Latent heat of fusion, 214, 
i Pas. 

— — — vaporization, 220. 

Lateral inversion, 287. 

Laws of motion, 151, 170, 


173. 

Leclanché cell, 374. 

Lenses, 309. = 

Lever, 23, 131, 175. 

Leyden jar, 364. 

Lift pump, 87. 

Lightning conductors, 363. 

Liquid pressure, 57. 

Liquids, density of, 53, 97- 

— expansion of, 234. 

— thermal conductivity of, 
198. 

Litre, 42. 

Load of a machine, 131 

Local action, 367. 


Machines, 177. 

Magdeburg hemispheres, 81. 

Magnetic action of a current, 
309. 37°. 

— attraction, 111, 334. 

— fields, 338. . 

— induction, 336. 

— measurements, 345. 

— meridian, 333- 

— moment, 346. 

Magnetization, modes of, 330. 

Magnetometers, 345. 

Magnification, 318. 

Malleability, roz. 

Manometers, 89. 

Mass, 23. : 

Mass-centre, 127. 

Matter, rox. 

Maximum thermometer, 194. 

Mechanical advantage, 131. 

Melting point, 214. 

Meniscus, 47. 

Meridian, 333. 

Metre, 1. 

Metronome, 152. 

Microscope, 318. 


Minimum deviation, 308, 327. _ 


— thermometer, 194. 
Mirrors, concave, 291. 
— convex, 298. 
— plane, 283. 
Mist, 228. 
Molecule, 104. 
Moment, magnetic, 346. 
— of inertia, 346. 
Moments, 133. 
Momentum, 167. 
Monsoons, 204. 
Motion, laws of, 1§0, 170, 
17} tie 
usical sounds, 255. 


Nicholson's hydrometer, 67. 
Noise and music, 255. 
« 


-Recomposition of white lig’ 


Normal to a surface, 283, 
291. 


Ocean currents, 200. 
Ohm, 400. 

Ohm's law, 403. 
Opacity, 264. 

Opera glass, 319. 
Opisometer, 6. 

Optical bench, 266. 
Organic substances, 182. 
Oscillation, 153. 


Parallax, 2, 286. 
Parallel forces, 124. 
Parallelogram, 33- 

— of forces, 119. 
Pendulum, 153. 
Penumbra, 275. 
Period of vibration, 153. 
Photometers, 279. 
Pipette, 81. 

Pitch, 245, 255. 
Plasticity, 102. 
Polarization of cells, 372. 
Poles, magnetic, 332. 
Polygon, 35. 

— of forces, 123. 
Porosity, 103. 
Potential, 398. 
Potentiometer, 398. 
Pound, 25. 

Poundal, 171. 
Pressure, 106. 

— measurement of, 86. 
— gauge, 8o. 

— of a gas, 71. 

— — the atmosphere, 78. 
Prism, 40, 307. 
Proportion, 12. 
Protractor, 19. 
Pulleys, 141. 

Pumps, 86. 

Pyramid, 40, 45, 128. 


uadrant, ro. 
uantity of heat, 207. 


Radiation, 204. 

Rain, 229. 

Ratio, 9. 

Reaction, 172. 

Reaumur’'s scale of t 
ture, 193. 

Reciprocals of numbers, 


328. 

Rectangle, 31. 
Reflection of light, 281. 
— — sound, 252. 
Refraction, jor. 
Resistance, electric, 390. 
Resonance, 260. 
Resultant of forces, 120. 
Retentivity, 337. 

Right angle, 18. 
Rigidity, 112. 
Rohmer col, @y. 
Safety lamp, 108. 


Saturated vapour, 225. 
Screw, 144. 


— gauge, 15. 


> ee y 


Screw press, 144. 
Sector of a circle, 37. 
Segment of a circle, 37. 
Sextant, 20. 

Shadewera 272. 

Sidereal day, 151. 

Similar = 20, 38. 

Star 21, 

Siphon, ie gl. 

— barometer, 83. 

Siren, 257. 

Snow, 229. 

Solar day, 151. 

Sonometer, 245. 

Sound, 243. 

Speaking trumpet, 
Secaking Srumpet, ag: 
Specific gravity, 52. 

— heat, 211, 409. 

Sr uangpes 335: 

Sphere, 

Spheri Pein 290. 

Spherometer, 16. 

Spring balance, 28, 109. 

Square, 29. 

Stability, 129. 

Statics, 106. 

Steam, 219, 224. 


Steel, tempering of, 184. 


Steelyard, 134. 
Strain, 106. 
Stress, 106, 


INDEX 


Surface tension, 65, 


Tangent, ar, 136. 
alvanometer, 381. 

Te egraph, electric, 383. 

Telephone, 386 

Telescopes, 318. 

Temperature, 190. 

Tempering of steel, 184. 

Tenacity, 111. 

Tension, 106, 

Therm, 208. 

Thermal capacity, 209. 

Thermometer, 190, 

Time, 1 

Torricell's experiment, 82. 

Trade winds, 203. 

Transparency, 264. 

Trapezoid, 34. 

Triangle of forces, 121. 

Tuning fork, 243. 


Umbra, 275. 
Unit of current, 402. 


— — electrical resistance, 400. 


— — force, 107: 
— — heat, 
Upthrust, 61, 92, 96. 


Vacuum, 249. 
Vaporization, 218. 
Vapour pressure, 224. 


, 
3 
| 


419 


Velocity, 157. 

— of Ae 258. 
Ventilation, 202. * 
Vernier, 14. : 

Vertical, 17 


Vibrations. 156, 243. 
Virtual images, fe. 


Viscosity, 117. > 

Vision, 322. ‘ 

Volt, 399. 

Voltaic cells, 367. 

Voltameter, 395. 

Voltmeter, 402. 

Volume, 41. e = 

Water, 209, 2 

Water-equivalent, 210. 

be of sounds, 259: 

Weighing, 26 

Weight, 110. 

Wet and dry bufb hygro- 
meter, 2 

Wheatstone bridge, 400 

Wheel and axle, 137, 175. 

Wimshurst machine, 361- 

Windlass, 1 138+ - 

Winds, 202 - 

Work, 17 ye 


Zero error in thermometers, 


2. 
zike, amalgamation po 369 
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